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@ Armor plate, aeroplane parts, 
shells, cartridge cases, bombs, 
gun barrels and mounts—the 
numerous component parts used 
in tractors, tanks, trucks, etc., 
in fact, every metallic item 
used for defense and all equip- 
ment used in their fabrication 


REQUIRE HEAT TREATING. 


ARE SPEEDING FOR 
NATIONAL DEFENSE 


WITH FURNACES 


@ Working closely with Government arsenals and navy yards, Surface 
Combustion has been instrumental in perfecting furnaces for the heating and 
heat treating of ordnance items. At the same time, Surface Combustion has 
secured a wealth of valuable experience and is prepared to pass this knowledge 
on to industry cooperating with the Government in these critical times 


Since practically every metallic part must be heat treated, modern furnaces 
are a vital part of the national defense program in which mass production is 
essential. The modern furnace is vastly different from its World War prede 
cessor. Perhaps in no other metal processing machine has there been so 
many outstanding improvements in the last 22 years. 


This is no idle statement for it was during the years of 1917-1918 that 
the continuous furnaces first came into prominence. Far-reaching develo; 
ments have since taken place...in temperature distribution, automatic contro! 

(both of temperature and mechanisms), heat 

resisting alloy mechanisms, methods of heat 

nace for stress relieving gun car transfer, and furnace atmosphere for contro! 
nages at Washington Navy Yard over both scale and decarburization. 


2 Front view of Recirculated Air Car 


sp 
Bottom Furnace at Washington For peeding up the national defense pr 


Navy Yard gram, Surface Combustion today offers in- 
3 Large Recirculated Air Furnace for dustry the benefits of experience accumulated 

stress releving welded gun car during and since the World War gained 

riages at the Brooklyn Navy Yard - 

The parts treated are so large that through cooperation with the arsenals and 


it is necessary toremove the root of 
the furnace for charging 
4 Looking down into SC Furnace 


Similar SC Furnace is also installed No matter what national defense item you 
at Philadelphia Navy Yard 


navy yards, the steel, automotive, agriculture 
aircraft, non-ferrous and allied industries 


are manufacturing ... armor plate, shells 
5 Completely automatic unit for hard 


cartridge cases, bombs, gun barrels or mounts 
ening, quenching, and drawing 


shells at Frankfort Arsenal any metallic part, tractors, tanks, trucks, aero- 
6 Forge Furnace at Rock Island Arse plane, or other ordnance vehicles... Surface 
nal Maximum temperature 2700°F Combustion has the facilities, ability, and 


experience to help you produce better heat 
treated parts, faster and at lower costs. Write to 


SURFACE COMBUSTION CORPORATION TOLEDO, 


SEE OUR DISPLAY 
GAS SECTION AT 
THE METAL SHOW 
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OTHER TRANTINYL 
TONNAGE RECORD 


Do it with TRANTINYL 


” tonnage—“downs scra 
{ u ps 0 4 p Seamless Tube: Guide Shoes 
Rolling Mill Plugs, Stripper 
“Ten times the wear after The answer to such life and tonnage ts igs ppe 
Guides Bar Mills: Guides, | 
turn untouched No pickup or in the right choice of over 22 alloy steel : 
ene A Rollers Hoop Mills: Slitter 
scratch Unbelievable tonnage and analyses plus correct processing and 
low scrap These enthusiastic com heat treating. But, what do you care 
n> A Mills: Rollers, Guides. Strip 
ments come from hard boiled operat how it is made if it does your job s 
Mills: Guides, Uncoiler Wear- | 
ing men who have already proved proof we'll submit statements am 
Trantinyl’s outstanding merits \t experienc of others (where permuttes 
first skeptics, now thev sav, “The ne thing 1s sure, once you try ran : 
F tiny] guides vou'll never switch. How Welded Pipe: Rolls 
mills ought to beg you for your stuff”. 
to be happy and keep “Mahogany 
i . used to Row” happy too—lower your costs Also—-Conveyor Rollers, Tool 
change guides sev improve your quality simul Holders, Bolsters, Spindles 
eral times a_ turn, taneously boost your tonnage with 
now they stay in tor lrantiny! It should sell by the Elimination of machine work « 
naar ounce but is priced by the pound by precision casting methods : 
Backed by 24 Years Foundry Metallurgical Experience 
t hi 
oungstown, to, U.S. 7. 
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ike the printing press shown in the 
[ picture every Meehanite foundry in th 

United States is “Ready to Roll” —ready 
to provide you quickly with better castings for 
your regular or new jobs. 

If you are faced with new tasks involving 
armament or other products needed in the na- 
tional defense program Meehanite can prove 
especially helpful to you. Meehanite is an Inter- 
national product with foundries all over the 
world. There are seventeen in Great Britain, for 
instance, all of which already have had several 
years experience in armament and defense work. 


All the experience, data, service and test records 


accumulated there have been made available and 


placed in the hands of Meehanite foundries here. 
You can profit from it. Take your casting prob- 


lems to a Meehanite foundry. 


At the Metal Show in Cleveland Visit Booth G-5 


S ite Ge is offse inth 
Gam he WE EM ANITE RESEARCH INSTITUTE 


Shere ts aMe feunlry near you. 
Ansonia, Conn. Farrel-Birmingham Co., Inc. Los Angeles, Calif. Kinney Iron Works 
Bethayres, Pa. H. W. Butterworth & Sons Co. Milwaukee, Wis. ... Koehring Company 
Bridgewater, Mass. The Henry Perkins Co. Mt. Vernon, Ohio, Grove City, Pa. Cooper- Bessemer Corporation 
SS Buffalo, N. Y. Pohlman Foundry Co., Inc. New York, N.Y. The American Brake Shoe & Foundry Co. 
Charleston, W. Va. 7 ; Kanawha Manufacturing Co. Oakland, Calif. Vulcan Foundry Company 
Chattanooga, Tenn. Ross-Meehan Foundries Orillia, Canada ones E. Long, Ltd. 
Chicago, il. eg ; Greenlee Foundry Company Philadeiphia, Pa. Florence Pipe Foundry & Machine Co., 
Cincinnati, Ohio , Cincinnati Grinders Incorporated (R. D. Wood Company, Selling Agents) 
Cincinnati, Ohio The Cincinnati Milling Machine Co. Phillipsburg, N. J. Warren Foundry & Pipe Corp. 
Cleveland, Ohio ; Fulton Foundry & Machine Co. Pittsburgh, Pa. Meehanite Metal Corporation 
Denver, Colo. : The Stearns-Roger Mfg. Co. Pittsburgh, Pa. . Rosedale Foundry & Machine Co. 
Detroit, Mich. Atlas Foundry Co. Rochester, N. Y. American Laundry Machinery Co. 
Flint, Mich. General Foundry & Mfg. Company St. Lovis, Mo. ; Banner Iron Works 
Hamilton, Ohio Hamilton Foundry & Machine Co. St. Paul, Minn. Valley Iron Works 
Irvington, N.J. _.. ... Barnett Foundry & Machine Co. London, Eng. The International Meehanite Metal Co., Ltd. 
Waterloo, N. $. W. Australian Meehanite Metal Co., Ltd. 
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Ryerson Night Loading 
Assures Quicker Deliveries 


Night loading to “clear the decks” for tomerrow’s 
new crop of orders is the regular course of busi- 
ness. Every order is RUSH at Ryerson—most 
are shipped the day received. 


It's after hours, at any of the ten Ryerson steel 
plants, almost any night of the year! 


The Ryerson night shift is putting the finishing 
touches on today’s orders; loading out the fleet of 
big, red Ryerson trucks for tomorrow's deliveries. 


Immediate Steel is a Ryerson tradition. The en- 
tire Ryerson organization is geared up to handle 
quickly the steel requirements, simple or involved, 
of thousands of customers the country over. Spe- 
cial telephone order desks, hourly mail pick-ups 
at the post office, telegraph and teletype lines right 
into our offices—all help to speed delivery, even 


before the order reaches us. 


Ryerson Steel Service is fast and sure; Ryerson 
Certified quality is your assurance of uniformity 
and exactness. Make the Ryerson Stock List your 
unfailing source for all steel requirements. If you 
haven't the 1940-41 Stock List we'll send one 
gladly. 


Joseph T. Ryerson & Son, Inc., Chicago, Mil- 
waukee, St. Louis, Cincin- 

nati, Detroit, Cleveland, 

Buffalo, Boston, Philadel- 

phia, Jersey City. 
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3:00 P.M. 


5:00 P.M. 


9: 
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CONSOLIDATED 


PROGRAM 


National Metal Congress 


AMERICAN SOCIETY FOR METALS 


AMERICAN WELDING SOCIETY 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS 


THE WIRE ASSOCIATION 


Sunday, Oct. 20, 1940 


American Society for Metals @ Open House; 
National Headquarters, 7301 Euclid Ave. 

American Welding Society (A.W.S.) President's 
Reception; Cley eland Hotel 


Vonday, Oct. 21, 1940 


30 A.M. @& Technical Session; Statler Hotel 
30 A.M. A.W.S. Presentation of Medals and Prizes; Cleve- 
land Hotel 


00 A.M. American Institute of Mining and Metallurgical 


Engineers (A.1.M.E.) (Institute of Metals and Iron and Steel 
Divisions) Session on Constitution of Alloys; Cleveland Hotel 


A.M. Wire Association (W.A.) Directors’ Meeting: 


Carter Hotel 


30 A.M. A.W.S. Session on Shipbuilding and Structural; 


Cleveland Hotel 


:00 M. National Metal Exposition opens; Public Auditorium 
700 M. W.A. Program Committee Luncheon: Carter Hotel 


715 P.M. 


A.L.M.E. (Institute of Metals Division) Execu- 
tive Committee Luncheon Meeting: Cleveland Hotel 


12:15 PM. ALLM-.E. Committee on Blast Furnace and Raw 
Materials Luncheon Meeting: Cleveland Hotel 

12:15 P.M. A.LM-.E. Committee on Bessemer Steel Luncheon 
Meeting: Cleveland Hotel 

1:30 P.M. @& Technical Session: Public Auditorium 

2:00 PLM. (Iron and Steel Division) Session on 
Bessemer Steel; Cleveland Hotel 

2:00 P.M. A.LM.E. (Institute of Metals Division) Session 
on Lead, Zine, and Magnesium: Cleveland Hotel 

2:00 P.M. A.W.S. Simultaneous Sessions on Steel Mill and 
industrial Research: Cleveland Hotel 

2:30 PM. W.A. Technical Session; Carter Hotel 

5:00 P.M. @& Lecture Course, Strength of Metals Under Com- 


bined Stresses: Public Auditorium 


30 PM. A.W.S. Industrial Research Dinner and Confer. 


ence: Cleveland Hotel 


8:30 P.M. @ Lecture Course, Quenching of Metals: Public 
Auditorium 

10:30 P.M. National Metal Exposition closes 

Tuesday, Oct. 22, 19140 

8:00 A.M. @& Board of Trustees Breakfast; Statler Hotel 

9:30 A.M. @& Simultaneous Technical Sessions: Statler Hotel 

9:30 A.M. A.W.S. Simultaneous Sessions on Machinery and 
Fundamental Research: Cleveland Hotel 

9:20 A.M. W-.A. Technical Session: Carter Hotel 

10:00 A.M. ALLM-.E. (Iron and Steel Division) Session on 
Surface Qualities; Cleveland Hotel 

10:00 A.M. ALLM-.E. (Institute of Metals Division) Session on 
Copper and Gold; Cleveland Hotel 

12:00 yf National Metal Exposition opens: Public Auditorium 

12:00 M. €&§ Canadian Luncheon; Statler Hotel 

12:15 P.M. A.LM.E. (fron and Steel Division) Executive Com- 
mittee Luncheon Meeting; Cleveland Hotel 

12:30 P.M. @& Past Presidents’ Luncheon: Statler Hotel 

1:30 PM. @& Technical Session; Public Auditorium 

1:30 PM. W-.A. Technical Session: Carter Hotel 

2:00 PM. A.LLM-.E. (Institute of Metals and tron and Steel 


te 


700 PLM. 


Divisions) Session on Physical Metallurgy: Cleveland Hotel 
A.W.S. Simultaneous Sessions on Machinery and 
Fundamental Research; Cleveland Hotel 


(00 PM. @& Lecture Course, Strength of Metals Under Com- 


bined Stresses: Public Auditorium 


10 


7:30 PLM. 


ARMY ORDNANCE ASSOCIATION 


A.W.S. Fundamental Research Conference; Cleve- 


land Hotel 


700 P.M. A.LM.E. Annual Autumn Dinner; Cleveland Hotel 
30 PM. @& Lecture Course, Quenching of Metals; Public 


Auditorium 
330 P.M. National Metal Exposition closes 


Wednesday, Oct, 23, 1940 


7:30 A.M. @& Chapter Chairmen’s Breakfast; Statler Hotel 


30 A.M. @ Annual Meeting and Campbell Memorial 
Lecture: Statler Hotel 

330 A.M. A.W.S. Simultaneous Sessions on Resistance Weld- 
ing and Fundamental Research; Cleveland Hotel 

A.M. W-.A. Technical Session: Carter Hotel 

“00 M. National Metal \position opens; Public Auditorium 

00 M. College Alumni Luncheons: Statler Hotel 

(15 PM. ALLM-.E. Committee on Physical Chemistry of Steel 
Making Luncheon Meeting: Cleveland Hotel 

000 PM. Luncheon; Carter Hotel 

30 PM. @& Simultaneous Technical Sessions; Public Audi- 

000 PM. (institute of Metals and and Steel 
Divisions) Joint Round Table Discussion on Electrolytic 
Polishing of Metals; Cleveland Hotel 

700 PLM. A.W.S. Simultaneous Sessions on Resistance Weld- 
ing and Structural: Cleveland Hotel 

000 PM. W.A. Annual Meeting and Mordica Memorial 
Lecture; Carter Hotel 

00 PM. @& Lecture Course, Strength of Metals Under Com 
bined Stresses; Public Auditorium 

330 PM. W-.A. Dinner and Stag Smoker: Carter Hotel 

30 PLM. @ Lecture Course, Quenching of Metals; Public 
Auditorium 

330 PM. National Metal EX position closes 


Thursday, Oct. 24, 1940 


30 AM. @& Simultaneous Technical Sessions; Statler Hotel 
30 A.M. A.W.S. Simultaneous Sessions on Pipe Welding, and 
Procedure Controls & Special Applications: Cleveland Hotel 

45 A.M. W-.A. Technical Session: Carter Hotel 

00 National Metal | xposition opens; Public Auditorium 
30 PM. Symposium on Surface of Metals and 
Simultaneous Technical Session: Statler Hotel 

00 PM. A.WLS. Committee Meetings: Cleveland Hotel 

000 PM. @ Lecture Course, Strength of Metals Under Com. 
bined Stresses: Public Auditorium 

00 PLM. National Metal Exposition closes 

00 PLM. @ Annual Banquet: Statler Hotel 

000 PM. Annual Banquet; Cleveland Hotel 


Friday. Oct. 25. 1910 


00 AM. @& Lecture Course, Strength of Metals Under Com- 
bined Stresses: Statler Hotel 

30 AM. @ Symposium on Surface Treatment; Statler Hotel 
30 A.M. A.W.S. Simultaneous Sessions on Metallurgical and 
Railroad Applications: Cleveland Hotel 

AM. A.W.S. Business Meeting: Cleveland Hotel 

M. National Metall position opens: Public Auditorium 
30 PM. @& Symposium on Surface Treatment: Statler Hotel 
(00 PLM. Ordnance Conference: Public Auditorium 

330 PM. Army Ordnance Asso. Dinner: Cleveland Hotel 
30 P.M. National Metal Exposition and National Metal 
Congress end 
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Technica 
Monday Morning 


OR SOME TYPES of high temperature equipment 
creep test information is of prime importance; 


in other types long-time rupture properties should 


be given most consideration. R. H. THreLemMann 
correlates these two tests, which should have 


much merit in high temperature engineering design. 


A study of high temperature properties has 
indicated to General Electric’s E. R. Parker 
that an alloy containing a critically 
dispersed stable compound = should 
possess greater high tempera- 
ture strength than alloys 


strengthened by carbides. 


An exploratory survey of the 


| Meetings 


Monday Afternoon 


PENING a session largely devoted to furnace 
J. of 
describes the production of a balanced atmosphere 


atmospheres, GIER Westinghouse 
and a device for measuring the carburizing charac- 


ter of a gas, known as the “hot wire carbon gage” 


Interrelation of temperature of 
the combustion chamber in heat 
treating and the composition of 
the furnace atmosphere is Sam 
Tour’s subject.” An intermediate 
of 1600 to 1900° F, 


ommended ra heat treatment. 


range is rec- 


Dimensional changes on hardening have 


influence of hydrogen on been one of the tool maker’s most baffling i 
malleable cast iron bv Messrs. [\ = problems. Accurate measurements under 
ScHWARTZ. GUILER Bar- = the closest possible control made by 
NETT represents a valuable  Howarp Scorr and T. H. Gray show 
pioneering contribution which that such changes are reproducible 
should facilitate future work. and can be anticipated, and the tool 
thus hardened to predetermined dimensions, 
While much has been published concerning 
solid carburizing compounds, certain of the fac- The problems incident to measuring and 
tors which influence the activity of such com- evaluating the effect of water vapor in fur- : 
pounds have been somewhat neglected. Mack nace atmospheres are discussed in Sam Tour's 
Sutton and R. A. RaGatrz attempt to fill second contribution to this session, and 
some of the gaps in the existing knowledge. some new light is thrown on the reactions. 
National Metal Exposition Opens at 12 Noon; Closes 10:30 P. M. 
Afternoon Lecture @ and their invited guests. The first is A. ALLAN 
Bates of Westinghouse Research Laboratories. | 
T 5 o'clock, MAXWELL GENSAMER of the metal- Rapid cooling (quenching) is the essence of the : 
lurgical faculty, Carnegie Institute of Tech- hardening operation, and many puzzling variations i 
nology, will start his series of five lectures (open in results — to say nothing of damage and loss of | 
to ASMembers only) on The Strength of Metals product — may be avoided if the metallurgist under- i 
Under Combined Stresses. Physical testing tech- stands the limitations of a metal’s ability to radiate i 
nique has evolved from efforts to test metals in heat from center to surface, and of a quench’s a 


simple stresses acting in One direction only, yet 
most metals in machines and structures act under 
highly complicated systems of force. The funda- 
mental theory of such action is so recent that most 
metallurgists will be in a new field of knowledge 
when they listen to Dr. wENSAMER’s interpretation. 


Evening Lecture 


AY’ essentially practical course of three lectures 

has been arranged by the @ Educational Com- 
mittee for the first three evenings of the week. 
Three different lecturers will teach members of the 


October, 1940 


ability to extract heat from that surface. 


I-ducational 
Course 
on 


Quenching 
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Technical Meetings 


Tuesday Morning 


Simultaneous Session 


WO objects are the aim of Ericun Frrz to 
improve experimental technique of tests on 
recovery of cold-worked metals, and to study the 
wide range of softening of cold-worked nickel. 


A new X-ray method for studying crystallo- 
graphic orientation is based on surface diffrac- 
tion, and its determination of structural 
changes in hot and cold-rolled steels is 
deseribed by Norman P. Goss of Cold Metal 


Process Co. 


The familiar and useful austenitic manganese 
steel comes in for some attention from D. 
Niconorr of Republic’s organization, who has 
developed a method for measuring quantita- 
tively its tendency toward strain hardening. 


Equilibrium relationships in alloy systems ecan- 
not be neglected in any metallurgical technical 
program, so W. C. and E. S. Greiner of 
Bell Telephone Laboratories tell about their 
detailed research into the iron-cobalt system. 


Tuesday Afternoon 


ROPER balancing of molybdenum and 
columbium with the chromium = and 
nickel content of stainless steels not only 
enhances resistance to pit and contact cor- 
rosion but also avoids formation of the 


sigma phase and thus preserves toughness. 1 

A wealth of structural and corrosion data 

by FRANKS, BINDER and BisHop. 

Again the isothermal transformation 


this time the S-curve of a 6° tungsten, 
6°. molybdenum high speed steel. Its 
practical significance is also discussed by 
Joun L. Ham, Roperr M. Parke and 
Atvin J. Herzic of Climax Molybdenum. 


The first 0.012 in. below the surface of a high 
speed steel constitutes the edge of many cut- 
ting tools. J. G. Morrison proposes to find 
out more about the distribution of the car- 
bon in this zone after heat” treatment. 


More about surface carbon chemistry of high 
speed steel is contributed by W. A. SCHLEGEL. 
He studies the effect of time, temperature and 
furnace atmospheres on grain size as well. 


Tuesday Morning 


Simultaneous Session 


UT of U. S. Steel Corp. Research Labora- 
tory comes further work on the trans- 
formation of austenite. This time it concerns 
transformation on continuous cooling and 
relates the data to the isothermal diagram. R. 
A. GRance and J. M. Kierer are the authors. 


Continuing studies at the Bureau of Standards on 
the various factors which influence hardenability, 
Tuomas G. Dicces now shows the effect of grain 
size. Equipment for heating in dry nitrogen and 
quenching in hydrogen is deseribed, along with 
results on a series of high purity iron-carbon alloys. 


In order to shorten and simplify investigations 
on austenite transformation, DONALD B. OAKLEY 
and JosepH F. utilize dilatometric 
studies rather than metallographic. This paper 
gives the results on a molybdenum cast iron. 


While the influence of austenitic grain size on 
properties of steels has been widely discussed, 
factors which influence grain size have been some- 
what more neglected. S. J. ROSENBERG and T. G. 
DigGes consider one of these factors —— namely, 
rate of heating through the transformation range. 


National Metal Exposition 
12 M. to 10:30 P. M. 


Afternoon Lecture 


=) 


ONSIDERATION of the fact 
that a metal may be “due- 
tile’ under one set of loads 
and “brittle” under another 
leads Dr. GeENSAMER into a 


study of the mechanism of 
failure at a sharp netch in his 
second lecture on strength of 
metals under combined stress. 


Strength Ll nder Combined Stress 


Evening Lecture 


VAST amount of information about how 

quenching is done in mass production of steel 
parts has been collected by Prof. W. J. Contey for 
this lecture. A few items are given in his short 
article on page 421 of this issue. 
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Technical Meetings & 


Wednesday Morning 


Annual Meeting and Campbell Memoria! Lecture 


FTER hearing President Gitt, Treasurer VAN 
A Horn, and Secretary E1senMAn tell of another 
record-breaking year’s history of @, you can listen 
to Samuet L. Hoyr deliver the 1940 Edward 
de Mille Campbell Memorial Lecture. His subject 
The Scientific Method in Metallurgy will set a new 
stvle in these lectures, being philosophic rather than 
factual. He will describe the general methods used 
for researches in astronomy, physics, chemistry and 
‘scientific meth- 


mathematics and argue that these 
ods” should be more often applied to metallurgical 
studies, thus to insure a higher return for the 
expenditure of money and brains. 


Wednesday Noon 


Ten different engineering colleges have 


planned luncheon reunions for old grads. 


Wednesday Afternoon 


Simultaneous Session 


ne valuable discussion relative to a new and 
promising tool for investigation namely, 
micro-radiography should be excited by the first 
of two papers by GrorGe L. CLark and WILLIAM M. 
SHAFER. (See also what Tom Wricut has to say 
about the new analytical techniques on page 551.) 


CLARK and SHAFER’s second contribution to this 
session has to do with a different application of 
X-rays; this is the study by diffraction of dis- 
tortion in metals, with quantitative results 
reported on silicon steel and aluminum. 


NorMAN P. Goss’s purpose in presenting a discus- 
sion of diffraction diagrams is principally to pro- 
mote a discussion of X-ray technique, which he 
believes is of great importance in interpretation 
of diffraction patterns and should be standardized. 


AS 


Disintegration of furnace refractories in cer- 
tain gas atmospheres has been sidestepped by 
furnace engineers by using light weight brick 
instead of firebrick. Joun H. Loux takes a 
leaf from the blast furnace operator's book 
to prove that this is really unnecessary, 


Wednesday Afternoon 


Simultaneous Session 


NVESTIGATIONS on precipitation hardening in 

the binary iron-tungsten and iron-molybdenum 
alloys are continued by W. P. Sykes of G.E.'s 
Cleveland Wire Works. This paper is concerned 
with hardness changes, behavior of single-phase 
and two-phase alloys, and effect of cooling rate. 


A significant addition to the secant information 
existing on the commercially important powdered 
copper alloys is the data on compacting pressure 
and temperature provided by Craus C. Gorrzer. 


The precipitation reaction in phosphor bronzes is 
evaluated in terms of practical application of com 
mercial material, as well as in terms of a revised 
copper-tin equilibrium diagram. R. H. Harkingron 
and R. G. THompson of General Electric’s research 


laboratories give the details. 


One atom of silver in 5000 atoms of copper 
can produce a remarkable change in properties, 
particularly raising the reerystallization 
temperature. E.R. Parker of the same organ- 
ization attributes this to precipitation in the 
grain boundaries and generalizes on the high 
temperature effect of impurities in copper. 


Afternoon Lecture 


ERTAIN simplified assumptions are now to be 

more exactly defined by Dr. Gensamen in his 
third lecture on Strength of Metals Under Com- 
bined Stresses. Principal modifying factors to be 
considered are temperature, amount of deformation 
and speed of deformation. 


Evening Lecture 


HE final meeting of the evening lecture series will 
consider quenching practices as observed in 
custom heat treating shops, and the lecturer will be 
Roy G. Rosuone of Lindberg Steel Treating Co. 
(a firm from which many good ideas and devices 


have come). 


National Metal Exposition Opens at 12 Noon; Closes 10:30 P. M. 
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GS Technical 


Thursday Morning 


Simultaneous Session 


ALUABLE information of a quantitative nature on 
the extent to which nitrogen plays a part in case 
carburizing is given by S. W. PooL_r of Republic Steel. 


Further light on the more complex alloy systems 
is furnished by C. L. Crank and M. A. Brepia’s 
study of the constitutional diagram of 4 to 6% 
Cr-Mo steels containing silicon and aluminum. 


Climax Molybdenum researchers have been inten- 
sively studying the effect of molybdenum on 
S-curves of various steels. Their second paper on 
this subject has to do with low and medium carbon 
steels @ntaining 0.15 to 0.750 Authors are 
James BLANCHARD, Ropert Parkeand ALVIN 


Difference in behavior of “similar” steels is 
often attributed to small differences in alloy 
content. AusTin and Norris pin down the 
effect of small amounts of alloy by adding vari- 
ous elements to pure iron-carbon alloys. 


Thursday Afternoon 


Simultaneous with Symposium 
(see next page) 


OW the fatigue and bend tests can be used to 
study the effect of cold working on the phys- 
ical properties of wire is shown by H. J. Goprrey, 
who also includes some metallographic and X-ray 
data on the structure of cold-drawn steel wire. 


Three types of “stress raisers” affect fatigue 
strength—— namely, notches, corrosion, and 
chafing or fretting. G. Sacus and P. STEFAN 
of Case School consider chafing fatigue 
strength and its relation to the other two types. 


Aircraft materials are a timely subject for Brick 
and Pritiips’ study of fatigue and damping prop- 
erties. Specifically they report) on duralumin, 
alclad and several types of 18-8 in sheet form, 


In a fourth paper on alloys of manganese and copper, 
R. S. Dean reports on their unusually high vibration 
damping capacity, and relates it to composition and treat- 
ment. Co-authors are C. T. ANDERSON and V. Porter. 


Program 


Thursday Morning 


Simultaneous Session 


1 former 


URSUING studies suggested by : 
paper indicating that presence of alumina 
in steel may serve as a graphitizer, Austin 
and Frerzer (Pennsylvania State College) 
report the relation between carbide stability, 
grain size, abnormality, and hardenability 


Hardenability is a linear function of grain 
size at heat treating temperature, and 
independent of the method of deoxidation, 
say G. V. Casn, T. W. and R. L. 
STEPHENSON (Carnegie-Illinois Steel Corp.) 


Hardenability is considered again by Car- 
negie-IIlinois authors——this time M. A. 
GROSSMANN and R. L. StepHenson. They 
find that the greater the hardenability the 
more it is affected by change in grain size. 


One method of estimating hardenability and 
quenching effects utilizes round bars. The 
same principles are applied and the method 
extended to plates and irregular shapes, as 
described by Asimow and GrossMANN. 


Afternoon Lecture 


AVING spent three lectures in discussing the 
conditions that determine whether or not a 
metal will plastically deform, it is now necessary 
for Dr. GENSAMER to consider the conditions that 
determine when it will break. 


Bending 


. 


and Fatigue 


Annual Banquet of the American Society for Metals 


Assemble at the Grand Ballroom, Hotel Statler, for a good meal and a rousing 


talk, right off his chest, by “Old Iron Pants’ 


Metal Progress 


Gen. HuGu JouHNSON. 
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Technical Program 


Friday Morning Early 


O'CLOCK! Prof. MAXWELL GENSAMER resurrects the old college scourge, an early morning 
lecture, in which he will describe various tests and processes that illustrate the general prin- 
ciples laid down in his preceding four talks on the strength of metals under combined stresses. 


Symposium on Surface Treatment of Metals 


Thursday Afternoon 


Simultaneous Session 


the symposium Junius D. Epwarps 
describes the anodic treatment of aluminum, 
which has developed from a method or procedure 
to a highly technical art of great commercial value. 


Stainless steel is the next metal whose sur- 
face treatment is considered. Allegheny Lud- 
lum’s G. C. Kieren discusses the various 
passivation treatments and coloring processes. 


The most important surface treatments for mag- 
nesium alloys are those which provide protection 
against corrosion, and “tooth” for paint. Scumupt, 
Gross and DeELoNG of Dow Chemical Co. evaluate 
the chemical treatments according to these criteria. 


And the lowly tin can is not neglected. American 
Can Co.'s R. R. uses acid fruits to 


determine the preferred steel base 
composition for optimum corrosion 
resistance of the tinplate. 


Zine coatings produced by 
hot dipping electro- 
galvanizing are analyzed 
from the point of view of 
unit operations, equipment, 
cost, and properties by J. 
L.. Bray and F. R. Morrar. 


Friday Morning 


ONTINUING the Symposium, Frepenick N. 
Ruines of Carnegie Tech discusses the funda- 
mentals of diffusion coating. These include such 
varying cementation processes as calorizing, carbu- 
rizing, chromizing, siliconizing, and sherardizing. 


A paper on surface reactions and diffusion is con- 
cerned with the theoretical aspects of such harden- 
ing processes as carburizing, nitriding and cyanid- 
ing. Messrs. Dorn, Gier, Boetrer and Warp of 
California University analyze them quantitatively. 


Surface Finish and Structure 


Induction heat treating will take its place 
among the indispensable tools of the industry 
claims EpMUNb BLAsko, who describes uncon- 
ventional work done at Ford Motor Co. that 
should broaden the applications considerably. 


Explanations of the characteristics of induction 
hardening such as speed of carbide solution, thor- 
ough diffusion, and high hardness, are described by 
M. A. Tran and H. B. Osporn, Jr. of “Toeco” fame. 


Damage to the surface of structural steel between the 
time it leaves the mill and until fabrication is com- 
pleted often affects the adherence of the paint coat. 
Flame cleaning and dehydrating, as described by J. G. 
is claimed to eliminate this difficulty. 


Friday Afternoon 


NEW method of surface finish- 

ing known as shot blasting, 
which was first protested, then 
tolerated, then finally specified and 
boosted, is described by F. P. 
ZiMMERLI. He cites 40° increase 
in fatigue life of valve spring wire. 


J. Horncer and H. R. Netrert are 
also concerned with fatigue in their 
studies at Timken. They compare 
effects of surface conditions had 
by machining with the fatigue prop- 
erties of burnished, metal sprayed, 
and flame hardened surfaces. 


Future advances in machining eflicieney lie in the 
direction of reducing coefficient of friction between 
chip and tool, say Hans Ernst and EvGene Mercuanr. 


Rated as the beginning of important work on the 
bright annealing of stainless steel are Vernon Houm’s 
observations at the National Bureau of Standards, 


The correlation of the profile tracer method with 
microscopic observation of surface irregularities is 
shown by Ernest J. Anporr of Physicists Research Co, 


Last Day, National Metal Exposition; 12 Noon to 10:30 P. M. 
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American Welding Society 


Technical Program 


Sunday, October 20 


5:00 to 7:00 P.M. — President’s Reception 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Vonday, October 21 


9:30 A.M. — Presentation of Medals and Prizes 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


10:30 A.M.—Shipbuilding and Structural Session 
HOTEL CLEVELAND 


Welding in Shipbuilding 
by David Arnott, American Bureau of Shipping 


Welded Rigid Frame Structures 
by 4. Amirikian, Navy Department 


2:00 P.M. — Steel Mill Applications 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Resistance Flash Welding of Strip in Steel Mills 
by J. Hz. Cooper, Taylor W infield Corp. 
Design and Fabrication of Heavy Rolling Mill Machinery 
by G. W. Linkhauer, United Engineering & Foundry Co. 
Shape Cutting in Steel Mill 
by Joseph Stanley, Carnegie-Ilinois Steel Corp. 
Hard Facing Steel 
by Frank L. Gray, Carnegie-Ilinois Steel Corp. 


2:00 P.M. — Industrial Research 
KED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Testing for Weldability of Carbon Steels 
by C.b.Jackson Naval Research Laboratory 
andG.G. Luther Anacostia Station 
Defects in Weld Metal and Hydrogen in Steel 
by Carl A. Zapfle 
and C. Fk. Sims 
Improving Duetility of Oxy-Acetylene Welds by Aging 
by J. R. Dawson Union Carbide & Carbon 
and A. R. Lytle Research Laboratories 


Battelle Memorial Institute 


Metallurgical Changes at Welded 
Joints, and the W eldability of Steels 
by R. H. Aborn, U.S. Steel Corp. Research Laboratories 


6:30 P.M. — Industrial Research Committee 
Dinner and Conference 
HOTEL CLEVELAND 


Informal After-Dinner Remarks 
William O. Hotchkiss, Pres., Rensselaer Polytechnic Institute 


Tuesday, October 22 


9:30 A.M. — Machinery 


BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Operation Problems in the Small Welding Shop 
by Roger B. White 
and J. 7. Lewis, Jr. 
Welding Electrical Machinery 
by R. A. Taylor, Westinghouse Electric & Mfg. Co. 
Flame Machining Control and Applications 
by G. L. Walker 


and W.G. Sylvester 


Lewis Welding & Eng. Corp 


Air Reduction Sales Co 


9:30 A.M. — Fundamental Research 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


A Method of Studying the Effects of Inertia 
and Friction in Resistance Welding Machines 
by Hess 
and R. A. Wyant 
The Welding of Carbon-Molybdenum Piping 
for High Temperature High Pressure Service 
by R. W. Emerson, Pittsburgh Piping & Equipment Co. 


Rensselaer Polytechnic Institute 


Micro-Fissuring in Multiple 
Bead, Low Carbon Steel Welds 
by J. L. Miller 

and L. R. Kovac 


Armour Institute of Technology 
2:00 P.M. — Machinery 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 
Flame Hardening 
by R. H. Zeilman, Thew Shovel Co. 
Production Flame Hardening of Machine Parts 
by John Erler 
and P. H. Tomlinson 
High-Speed Mechanized Oxy-Acetylene Welding 
by H. 7. Herbst, The Linde Air Products Co. 
Machine Flame Cutting in Preparation for Welding 
by H. Roy iddoes, By-Products Steel Corp. 
Use of Welding and Cutting in the 


Fabrication of Ditching Equipment 
by 4. R. Askue, Cleveland Trencher Co. 


Farrel-Birmingham Co., Ine. 


2:00 P.M. — Fundamental Research 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Welded Girders With Inclined Stiffeners 
by Cyril Jensen 
and C. Antoni 


Lehigh University 


Measurement of Contact Resistance 
by B Kouwenhoven Johns Hopkins University 
and Joseph Tampico 

Electrodes for Welding Cast Iron 
by Gilbert S. Schaller, University of Washington 

Fundamentals of Resistance Welding 
by R.S. Pelton, General Electric Co. 
7:30 P.M. — Fundamental Research Conference 
HOTEL CLEVELAND 
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American Welding Society 


W ednesday, October 23 
9:30 A.M. — Resistance Welding 
ROSE ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Resistance W elding Electrodes 
Some Fundamental Considerations 


by G. N. Sieger, S-M-S Corp. 


Changes in the Shape of Spher- 
ical Spot-W elding Electrodes 
by Hess 

and R.A. Wyant 

Recorders and Indicators for 
Resistance Welding Machines 


by Hutchins, General Electric Co. 


9:30 A.M. — Fundamental Research 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


The Effect of the Physical State of Steel 

L pon the Tensile Strength of Brazed Joints 
by F.C. Kelley, General Electric Co. 

Crater Formation and the Foree of the Elec- 

tric Welding Are in Various Atmospheres 
by G. bk. Doan, Lehigh University 


and R. FE. Lorentz, Combustion Eng. Co. 


Cold Rolling Testing of Welds 
by ie P. Hughes 
and R.L. Dowdell 


University of Minnesota 


2:00 P.M. — Resistance Welding 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Scope and Limitations of the Stored 

nergy Type Resistance Welding 
by C. evgandt, University of Pennsylvania 
and G. S. Vikhalapov, Baldwin-Southwark 


A Study of Spot Welding on a Copper Base Alloy 
by VW. L. Wood 
and J. Babin» Chase Brass & Copper Co. 
and O. B. Atkin 
Stored hinergy Systems of Spot \ elding 
by H. B. Axtell 
and R.L. Ringer, Jr. 
ble tro-Brazing Methods 
by R. J. Wensley, 1-T-b Circuit Breaker Co. 
Spot Welding in Aircraft Construction 
by C.F. Marschner, McDonnell Aireraft Corp. 


Taylor-W infield Corp. 


2:00 P.M. — Structural Welding 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Shall We Weld Our Bridges? 
by Fred L. Plummer, Wammond tron Works 
blexible Welded Angle Connections 
by Bruce Johnston 
and L. F. Green 
Design and Construction of Are Welded Steel Structures 
by La Motte Grover, Air Reduction Sales Co. 


Lehigh University 


Flame Cleaning of Structural Steel 


by FL HH. Dill, American Bridge Co. 


Rensselaer Polytechnic Institute 


Technieal Program 


(Continued 


7 hursday . October 21 


9:30 A.M. — Pipe Welding 


BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


Pipe Welding for the Naval Service 

by Bela Ronay, U.S. Naval Engineering | Xperiment Station 
Welding of Copper and Red Brass 

by J. J. | reeland 

J. Babin 

Investigation of Gas and Are Fillet Welds in Piping 

by Carlson 


and brie R. Seabloom 


(Chase Brass A ( 


Crane Co 


Preheating Welding Normalizing 
by C.J. Holslag, Wlectric Are Cutting & Welding Co 


9:30 A.M. — Procedure Controls and Special 
Applications 
RED ROOM. MEZZANINE FLOOR, HOTEL CLEVELAND 
Cost and Procedure Control by Use of Polarized Light 
by Smith, Lineoln Electric Co 


Training of Welding Operators 
by S. Lewis Land, Supervisor of Industrial 
bdueation, N.Y. State Dept. of Education 


Codes for Welded Pressure Vessels 
by DS. Jacobus, Babcock & Wileox Co 


Oixy-Acetyvlene Welding of Light Aircraft 
by Hanford kckman, Piper Aireraft Corp 


Design and Construction of Large Welded Cement Kilns 
by A. Malmberg, Allis-Chalmers Mile. Co. 


2:00 PLM. — Committee Meetings 
HOTEL CLEVELAND 


7:00 PLM. — Annual Banquet 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


lrriday, October 25 


9:30 A.M. — Metallurgical Session 
BALL ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 
Dilution of Austenitic Welds 
by Mild Steel and Low Allov- 


by R. David Thomas, Jr 


and A.W. Ostrom \reos Corp. 


Silver and Alloy Soldering 
by ¢ Zappone, Robertshaw Thermostat Co. 


9:30 A.M. — Railroad Applications 
RED ROOM. MEZZANINE FLOOR, HOTEL CLEVELAND 
Welding in Tank Car Construction 
by J. UW. Sheffer, American Car & Foundry Co. 


Welding of Passenger Cars 
by 4. VW. Unger, Pullman-Standard Car Mile. Co 


11:30 A.M. — Business Meeting. American Weld- 
ing Society 
RED ROOM. MEZZANINE FLOOR, HOTEL CLEVELAND 
Annual Report of the President 


Kleetion and Installation of New Officers 
Presentation of Past-President's Pin 


12:15 P.M. — Luncheon 


Board of Directors, American Welding Society 
HOTEL CLEVELAND 


Friday Afternoon — Inspection Trip 
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Iron and Steel Division 


Institute of Metals Division 


American Institute of 


Mining and Metallurgical kngineers 


Technical Program 


Vionday, October 21 


9:00 A.M. — Registration 


CONFERENCE SUITE LOUNGE, PARLOR FLOOR, 
HOTEL CLEVELAND 


10:00 A.M. — Constitution of Alloys 
EMPIRE ROOM, PARLOR FLOOR, HOTEL CLEVELAND 


An Investigation on the Structure and 
Properties of Some lron-Nickel Alloys 
by George Sachs 
and J. Spretnak 
Precision X-Ray Study of the 
High Silver Aluminum-Silver Alloys 
by Frank Foote, Cooper Union 
and Eric R. Jette, School of Mines, Columbia { niversity 
\-Ray Analysis of Hot-Galvan- 
ized Heat Treated Coatings 
by F. R. Morral, Continental Steel Corp. 
and Fk. P. Miller, Purdue University 


12:15 P.M. — Luncheon Meetings 
Executive Committee, Institute of Metals Division 


PRIVATE DINING ROOM NO. 1, MEZZANINE FLOOR, 
HOTEL CLEVELAND 


Committee on Blast Furnaces and Raw Materials 


PRIVATE DINING ROOM NO. 5, MEZZANINE FLOOR, 
HOTEL CLEVELAND 


Committee on Bessemer Steel 


PRIVATE DINING ROOM NO. 9, MEZZANINE FLOOR, 
HOTEL CLEVELAND 


2:00 P.M. — Bessemer Steel 
(Iron & Steel Division) 
EMPIRE ROOM, PARLOR FLOOR, HOTEL CLEVELAND 


The Acid Bessemer Process of 1940 
by H.W. Graham, Jones and Laughlin Steel Corp. 
The Method of Dephosphorization of Bessemer Steel 
by Gordon M. Yocom, Wheeling Steel Corp. 


2:00 P.M. — Lead, Zine, Magnesium 
(Institute of Vetals Division) 
ROOMS 34 AND 36, PARLOR FLOOR, HOTEL CLEVELAND 


Creep and Recrystallization of Lead 
by Albert A. Smith, Jr., American Smelting and Refining Co. 
Tensile Properties of Rolled Magne- 
sium Alloys: Binary Alloys With 
Calcium, Cerium, Gallium, and Thorium 
by John C. McDonald, Dow Chemical Co. 
\-Ray Study of the Solid Solutions of 
Lead, Bismuth, and Gold in Magnesium 
by Frank Foote, Cooper Union 
and Eric R. Jette, School of Mines, Columbia University 
The Grain Orientation of Cast Polyerys- 
talline Zine, Cadmium and Magnesium _ 
by Gerald Edmunds, The New Jersey Zine Co. 


Case School of Applied Science 


Tuesday, October 22 


10:00 A.M. — Surface Qualities 
(Iron & Steel Division 
EMPIRE ROOM, PARLOR FLOOR, HOTEL CLEVELAND 


Surface Finish and Structure 
by John Wulff, Massachusetts Institute of Technology 
Analysis of the Cold-Rolling Texture of Lron 
by Charles S. Barrett = 
Carnegie Institute of Technology 


10:00 A.M. — Copper and Gold 
(Institute of Metals Division) 
ROOMS 34 AND 36, PARLOR FLOOR, HOTEL CLEVELAND 
Coalesced Copper: Its History, 
Production and Characteristics 
by H. H. Stout, Consulting Metallurgical Engineer 
The Hydrogen Embrittlement of Pure Copper 
by Frederick N. Rhines 
and William A, Anderson 
The Effeet of Composition | pon Physical 
and Chemical Properties of 14-K Gold Alloys 
by Tracy C. Jarrett, American Optical Co. 


Carnegie Institute of Technology 


12:15 P.M. — Luncheon 
Executive Committee, lron & Steel Division 


PRIVATE DINING ROOM NO. 1, MEZZANINE FLOOR 


2:00 P.M. — Physical Metallurgy 
EMPIRE ROOM, PARLOR FLOOR, HOTEL CLEVELAND 


A Study of the Metallography and Certain Physical 
Properties of Some Alloys of Cobalt, Iron and Titanium 
by Charles R. Austin 
and Carl H. Samans 
Measurement of Irreversible Poten- 
tials as a Metallurgical Research Tool 
by R. H. Brown 
and William L. Fink» Aluminum Co. of America 
and M.S. Hunter 
On the Solidification of Solid Solu- 
tions Under Equilibrium Conditions 
by Vorris Cohen, Massachusetts Institute of Technology 
and William P. Kimball, Dartmouth College 


Pennsylvania State College 


8:00 P.M. — Annual Autumn Dinner 
RED ROOM, MEZZANINE FLOOR, HOTEL CLEVELAND 


After-Dinner Speaker: Rolland C. Allen, Past-Presicent 
A.1.M.M.E.; “Strategic Minerals and Metals” 


W ednesday, October 23 


12:15 P.M. — Luncheon 
Committee on Physical Chemistry of Steel Making 


PRIVATE DINING ROOM NO. 1, MEZZANINE FLOOR 


2:00 P.M. — Round Table Discussion 
EMPIRE ROOM, PARLOR FLOOR, HOTEL CLEVELAND 
Electrolytic Polishing of Metals 
Metallographic and Commercial 


Leaders: Sam Tour, Lucius Pitkin, Ine. 


and Hugh b. Brown, W.S. Tyler Co. 
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The Wire Association 


[A registration fee of $5.00 is required. 


Monday, October 21 


10:30 A.M. — Directors’ Meeting 
HOTEL CARTER 


12:00 M. — Luncheon, Program Committee 
HOTEL CARTER 


2:30 P.M. — First Technical Session 
HOTEL CARTER 
Tungsten Carbide Dies and Tools 
by James R. Longwell, Carboloy Co. 
Recent Developments in Heating Copper Wire Bars 
by Joseph A. Doyle, W. 5S. Rockwell Co. 
Electric Direct Resistance Wire Treating 
by J. P. Zur, Trauwood Engineering Co. 


Tuesday, October 22 


9:30 A.M. — Second Technical Session 
HOTEL CARTER 


Lime for the Wire Industry 
by D. bk. Washburn, American Lime 
& Stone Div., The Warner Co. 
Electro Chemical Applications in the Wire Industry 
by ©. L. Mantell, Consulting Engineer, New York City 
Motion Picture: of 
Tungsten Carbide Tools and Dies 
by Firth-Sterling Steel Co. 


1:30 P.M. — Third Technical Session 
HOTEL CARTER 


The Endurance Properties of Hard Drawn 
Wire From Various Kinds of Copper 
by John N. Kenyon, Columbia University 
Reactive Wire Drawing 
by H. A. Stringfellow, Worcester, Mass. 
Motion Picture: Copper From Mine to Market 
by H. A. Stout, Phelps Dodge Copper Products Co. 


Admission will be by badge only. | 


ednesday, October 23 


9:30 A.M. — Fourth Technical Session 
HOTEL CARTER 


What Does Good Laboratory Practice Do 
to Help Production in the Steel Plant? 
by George P. Lenz, Jr., Union Drawn 
Steel Division, Republic Steel Corp. 
Galvanizing Characteristics of Different Types of Steels 
by Robert W, Sandelin, Atlantic Steel Co, 


1:00 P.M. — Wire Association Luncheon 
HOTEL CARTER 


After-Luncheon Speaker: C. M. White, Republic Steel Corp: 
“Steel Quality and Labor Relationship” 


3:00 P.M. — Annual Meeting and Mordica 
Memorial Lecture 
HOTEL CARTER 


The Use of Plane Polarized Light and 
Sensitive ‘Tint Illumination in the 
Analysis of the Microstructure of Steel 
by B.L. McCarthy, W ickwire Spencer Steel Co, 


7:30 P.M. — Annual Dinner and Stag Smoker 
HOTEL CARTER 


Thursday. October 24 


9:15 A.M. — Fifth Technical Session 
HOTEL CARTER 


Design and Operation of a New 
Copper Wire Drawing Plant 
by iH. Blount, Point Breeze Works 
and J. bk. Wiltrakis, Kearny Works, Western Electric Co. 
Development of Apparatus for Shav- 
ing Copper Wire Commercially 
by C. kb. Weaver, General Electric Co 


Army Ordnance Association 


(Cleveland Ordnance District) 


Friday, October 25 


2:00 P.M. — Recent Developments in Ordnance 
Materials 


PUBLIC 


AUDITORIUM 


Discussion led by Brig. Gen. G. M. Barnes 


7:00 P.M. — Dinner 


BALL ROOM, CLEVELAND HOTEL 


After-Dinner Speaker: 
Maj. Gen. C. M. Wesson, Chief of Ordnance, U. 8. Army: 
“The Ordnance Department's Role in National Defense” 


October, 1940: Page 365 


at 
i 
, 
; 
| 
| 
a 
| 
| 
| 
| 
| 
| 
| 


is 


NO 650-£ 
B&G ELECTRICAL CONTROL 
OPERATING VALVE 


2 


PUMPING 
UNIT 


STRAINER 


QUENCHING 
OIL 
TANK 


Idaptable to any process requiring 
heat exchange of fluids 


Engineered to the requirements of 
your own plant 


RAPID OIL COOLER 


Assures a Constant Temperature In Your Oil Quenching Bath 


Here’s a simple, dependable unit for safeguarding 
uniformity of quality in oil-quenched metals. The 
fool-proof system of controls and positive circulating 
action of the B&G Oil Cooler holds the quenching 
bath to any desired degree. Accurately! 

Complete unit consists of Cooler, Oil Pump and 
Temperature Regulator of whatever type you prefer. 
The design of the Cooler assures rapid heat transfer, 


giving large capacity in a comparatively small unit. 
Can be installed either vertically or horizontally and 
is easily cleaned. 

We'll engineer your installation if desired. Recom- 
mendations and complete instructions with  blue- 
prints will be furnished on the basis of a careful study 
of your particular needs. 

Write for full information. 


BELL & GOSSETT CO. 


3000 Wallace Street 


Chicago, Illinois 


The General Alloys Company 
is expanding. We anticipate 
need of men experienced in all 
phases of cast heat and corrosion 
resistant alloy business. We will 
consider men experienced in 
furnace engineering or kindred 
lines. Shop, office, sales and 
engineering. Write fully stating 
education, experience in detail, 
personal details and _ starting 
salary expected. Your applica- 
tion will be held in strict con- 
fidence. 


General Alloys Company 
405 West First Street 
Boston, Mass. 


She Cincinnali 


METALLOGRAPHIC POLISHING 
MACHINE 


Variable speed motor 


Speed range from 300 to 
3000 RPM 


Ball Bearings throughout 


Smoothness of operation 
at any speed 


No belt to slip 
No friction drive 


No excessive noise or 
vibration 


Bronze bowl, disk and 


ring res:st Corrosion 


No splashing of polish- 
ing material 


Easy to clean 
THE CINCINNATI Metallographic Polishing Machine has set a 


new standard of efficiency in the polishing of metal surfaces for 


microscopic examination. Many improvements in design and per- 
formance mean better polishing results. 


Write for complete bulletin 


THE CINCINNATI ELECTRICAL TOOL CO. 
CINCINNATI, OHIO, U.S. A. 
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Hundreds of letters are pouring into American Society for Metals 
headquarters. Thousands of requests for information are being 
passed on to advertisers in Metat ProcGress, the Society's magazine 


17,750 since January Ist. 


Confronted with the pressure of defense production, industry 1s 
turning to metallurgical headquarters for information on metals, on 
production, treatment, fabrication and application. It is turning to 
the Society founded during the years of the first World War and 


which today has more than 11,500 metallurgical men in all the metal 


industries. 


Letters from Industry, monthly reports from more than fifty @ 
chapters in the United States and Canada, keep the Society im close 


touch with Industry's problems. 


Concise, how-to-do-it articles in Metrat ProGress keyed to these 
problems is the Society's contribution to Industry's needs m_ these 


fast-moving days. 


\s a result, reader interest 1s high, inquiries are at a peak, cir- 
culation is up—but advertising rates in this big magazine remain at 


the same low levels, $100 per page base rate. 


Naturally advertising volume is at an all-time high. Why don’t 
you turn to Metallurgical Headquarters and to Meta l’roGress for 


a powerful contact with the men who make metallurgy 
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METALLURGICAL HEADQUARTERS 


During the first World War—in 1915—industry became acutely conscious o! 
its need for reliable technical information that would solve production problems 
An active group of metal men founded an organization that is today the Ameri- 
can Society for Metals—over 11,000 strong and growing—metallurgical head- 
quarters for the world. 


Today—twenty-five years after the birth of the ASM—industry is again con- 
fronted with the pressure of war-time production. But today metal men are 
equipped to meet their problems, thanks to ASM?’s work through Metal Prog- 
ress... Chapter activities . .. and the National Metal Exposition. 


Since 1930 ASM men have been reading Metal Progress each month to keep 
abreast of technical developments in their field. Metal Progress was conceived 
by them—to meet their specific editorial requirements. Before the first issue 
went to press a complete survey was made of all members—and their interests 
and needs dictated the editorial policy of this unusual publication from the first. 


The Editorial Theme 


Thus from the beginning the editorial theme has been based on facts and 
ies more facts. ‘There has been no guesswork as to what should or should not go in- 
ee to Metal Progress. ‘The magazine was designed to tell the technical story of 
hea metals—their production, treatment, fabrication and application—to tell this 
Ae story simply, clearly and briefly, in language that would appeal to the technical 


and non-technical man alike. 


In this effort, the Editor has had the helpful and critical cooperation of fifty 

ASM chapters in every important industrial section in the United States and 

Canada. He has had the ASM membership—the largest and finest group of 

ees technically-trained metal men in the world—to draw upon for original editorial 

con material. All articles are written exclusively for Metal Progress. There are no 
puffs, no editorial fillers or editorial advertisements. 
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TALK THE MEN WHO KNOW METALS 


These men have no casual interest in metals. They are paying Ten Dollars or more a year to 
be a member of the American Society for Metals and read Metat Procress, cash proof of their i 
deep interest in metals, their production, treatment, fabrication and application. - 
These men represent the largest single group of metallurgical men available today through any 
publication—11,881 net paid as of Sept. Ist. 
Circulation has doubled within the last six years, but rates have remained constant and un- 
changed—$100 per page base rate—The biggest advertising buy available today. 
These are the men who edit, publish and read Metat PRoGREss. 
Top Executives (Owners, Presidents, Vice Presidents, General Managers, etc. 1,735 _ 
Operating Executives (Works Managers, Superintendents, Foremen 1,787 
Engineers (Chief Engineers, Plant Engineers, Design Engineers, Metallurgical Engineers, 3 
Welding Engineers 1,743 ; 
Metallurgists (Chief Metallurgists, Plant or Works Metallurgists, not research or - 
laboratory) 1,823 
Technical Men (Technical Directors, Research Directors, Chief Chemists, etc. 1,161 
Shopmen 591 Educational 1,249 
Sales 1,389 Purchasing, Consulting & Misc. Company Per 168 “_ 
Army & Navy 159 Miscellaneous 76 
Total—as of Sept. 1— ‘ 11,881 


ADVERTISING RATES 
12 Pages, per page _________-_-_--. $100 1 Page ee 150 


6 Pages, per page _____. 120 ‘4, and ') pages according to space 
used one year. 


3 Pages, per page ___________- _.. 140 Island spaces 25‘. extra. 


W. H. Eisenman, Business Manager 


A. P. Ford, Western Representative Chester L. Wells, Eastern Representative 


7301 Euclid Avenue, Cleveland, Ohio Box 24, Chester, Conn. 
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Patent Number 2170984 
Other Patents Pending 


r 
| The Torrington Torsion Spring 
; Attachment . . a new and paten- 
ted device for making torsion springs 
— on Torrington “Universal Type” 
.” Spring Coilers . . . consists of a 
cam-actuated coiling point which 
can be timed to swing into, and out 
of, coiling position at the beginning 
. and end of each coiling cycle. The 
— | only other necessary tooling is an 
arbor which moves vertically to 
sever the wire. Length of ends is 
controlled by the relation of the cams 
which bring the coiling point into, 
and out of, position. 


P Investigate TODAY what Torrington 
Spring Machines . . . and the new 
Torrington Torsion Spring Attach- 
ment. . . can do for YOU in 
stepping-up profits through their 
ability to produce more springs per 
machine hour, formed to a new 
high degree of accuracy, with fewer 
rejections and better satisfied cus- 
tomers. 


THE TORRINGTON MFG. CO. 
Torrington, Connecticut, U. S. A. 
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Fields in Which 
STEEL CASTINGS 
Are Constantly Used 


Aeronautical 

Agricultural Machinery 

Automotive 

Bearing 

Boiler, Tank & Piping 

Bridge 

Calculating & Business Machines 

Chemical & Paint Works 

Compressors (Pneumatic) 

Conveyor & Material Handling 

Equipment 

Crushing Machinery & Cement Mill 

Dredge 

Electrical Machinery & Equipment 

Elevator 

Engine 

Fan & Blower 

Food Processing & Packing Plant 

Foundry Machinery & Equipment 

Gas Producer & Coke Oven 

Gears 

Heat Exchanger 

Heat Treating Furnace & Equipment 

Hoist & Derrick 

Industrial Tractor & Truck 

Metallurgical Machinery 

Mining Machinery & Equipment 

Navy 

Oil or Gas Field & Refinery 

Ordnance 

Overhead Crane & Charging Machine 

Paper Mill 

Press 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rolling Mill, Blast Furnace, Steel 
Plant 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, Interurban & Sub- 

way Car 

Textile Machinery 

Tractor 

Trailer & Semi-Trailer 

Valves, Fittings & Piping 

Well Drilling Machinery 
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Cleveland, Ohio 


Crucible Steel Casting Company 
Almira & West 84th. WOodbine 4613 


Detroit, Michigan 


Detroit Steel Casting Company 
4069-4140 Michigan Avenue. LAfayette 5710 


Houston, Texas 


Texas Electric Steel Casting Company 
Bringhurst & Gillespie. Fairfax 8117 


This foundry is equipped with 
the most modern production machinery. A 
complete staff of engineers is maintained 
to assure highest quality and precision 
in all alloy and carbon steel castings. 


we NOMINAL CAPACITY 800 TONS MONTHLY xx 


Indianapolis, Indiana 
Electric Steel Castings Company 
Speedway. Belmont 0400 

Milwaukee, Wiscons 
Sivyer Steel Casting Company 
1675 S. 43rd St. Mltche!! 1442 

Newark, New Jersey 
American Steel Castings Co 
Avenue “L” and Edwarc Steet 


Market -5464 
Philadelphia, Pa. 


Dodge Steel Company 
Tacony MAYfe 650 
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This 
Industry Is 
Prepared 


Hundreds of American industries are now 
being called upon, in our national rearmament 
work, to manufacture things they have never 
made before. This involves much planning and 7 
preparing, and in many cases, the securing of | 
new machinery, the increasing of plant facili- 
ties and the training of men. 


These are some of the factors which have 
prevented more rapid progress in the national 
defense program. They are conditions that 
must be met — and surmounted. 


The Steel Castings Industry is ready to go 
now — ready to carry its share of the burden, 
without the need for the preliminary work 
which many other industries find unavoidable. 


We have the plants — almost unlimited 
capacity to produce on short notice. 


We have trained men, familiar with the tech- 
nique of producing steel castings in infinite 


variety. 


We have the experience, gained in pro- 
ducing for industry, castings that extend over 
the entire range of machines and parts for 


Yer 


machines — everything that can be cast in steel. 


We have the engineering skill and personnel 
that can be called upon to design and test — 
and to experiment with new ideas where 


necessary. 


Rochester, New York vs The Steel Castings Industry is proud of its 


fF faithful ice to Ameri 
The Symington-Gould Corporation ong years of feithiul service to /\merican 


Gece On manufacturers — proud of its record for quality 


and promptness and reliability. 


Toledo, Ohio 


And we are grateful for the opportunity to 
Unitcast Corporation, Stee! Casting Division : serve America in its present emergency. Even 

Front and Millard Avenue. POntiac 1545 . though today's need for preparedness was not 
Tulsa, Oklahoma 4 foreseen by our most thoughtful statesmen, our 
industry is prepared — now. 


Oklahoma Stee! Castings Company 
1200 N. Peoria. 5-9286 
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Personals 


M. H. Pakkala @ is now metal- 
lurgist on silicon steel at the 
Vandergrift plant of Irvin Works, 
Carnegie - Illinois Steel Corp., 
Vandergrift, Pa. 


Carl A. Arend, Jr. @, Ch.E. 
University of Cincinnati, is in the 
anodizing department of Hoosier 
Lamp & Stamping Corp., Evans- 
ville, Ind. 


William Rodgers @ has been 
made chief metallurgist of Repub- 
lic Steel Corp., Cleveland District. 


L. P. Tarasov @, formerly 


research metallurgist for General 
Electric Co., Cleveland, is now 
metallurgist for Beryllium Corp., 
Reading, Pa. 


Edward Pringle @ has resigned 
as assistant chief engineer of 
Columbus MeKinnon Chain Co. 
to take charge of engineering for 
the J. G. Wilson Corp., Norfolk, 
Va. 


Are 


Stuart's 


at'd. U Pat. Office 


AM 
LARGEST SELLING 


VRIZED cuTTING OIL 


WATCH YOUR 
TOOL COST DOWN 


Write today for 48-page informative booklet containing 
scientific application chart 
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Erle F. Ross ©, engineerin: 
editor of Steel, has been mad: 
Chicago editor of Penton publi- 
cations, including Steel, Dail; 
Metal Trade and The Foundry 


John E. Walker ©, formerly 
with Babcock and Wilcox Tube 
Co., is now on the metallurgical 
force of Pittsburgh Steel Co 
Monessen, Pa. 


N. H. Ceaglske ©, formerly 
assistant professor of metallurgy 
at the State University of Iowa, 
is now assistant professor of 
chemical engineering at Washing- 
ton University. 


R. A. Wilde @ has received 
Master’s degree from University 
of Illinois and is now a process 
development engineer in the engi- 
neering development plant of 
The Linde Air Products Co., 
Newark, N. J. 


Milo J. Stutzman ©, formerly 
professor of metallurgy, Kansas 
State College, Manhattan, Kan., 
is now metallurgist in the new 
laboratory of Yates-American 
Machine Co., Beloit, Wis. 


F. H. Andrews ©, formerly 
district manager of the New York 
office, tank car section, has been 
made manager of the tank car 
section, Philgas Division, Phil- 
lips Petroleum Co., Detroit. 


Lt. N. A. Matthews @ has 
resigned as assistant chief metal- 
lographer at the Lorain, Ohio 
plant of National Tube Co. for 
extended active duty in the lab- 
oratory division of Watertown 
Arsenal, Watertown, Mass. 


R. O. Griffis @, research engi- 
neer, has returned to the research 
department of Bethlehem Steel 
Co., Bethlehem, Pa., after three 
years with Richard Thomas & 
Co., South Wales, Eng'and. 


D. D'Amico @ has com- 
pleted work for a Ph.D. in metal- 
lurgical engineering at the Uni- 
versity of Michigan, and is now 
metallurgist in the materials 
department, Standard Oil Co. of 
California, Berkeley, Calif. 


W. H. Simmons @ has a posi- 
tion as practice apprentice in the 
metallurgical division of Car- 
negie-Illinois Steel Corp. 
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that only 


ALLOY STEELS can give you 


vere are many quality steel re- 
ments that only alloy steels can 
Alloy steels also are economical 


the long run. 
Hardness, Strength, and 
Elasticity 


In the engineering steels, alloys 
increase the depth to which hard- 
ness penetrates on heat-treatment 
ind thus make possible closer con- 
trol of physical properties. Alloy 
teels respond more uniformly to 
heat-treatment and are less subject 
to distortion and cracking during 
hardening ... Steels alloyed with the 
proper elements are finer-grained, 
stronger, and tougher, and have 
consistently higher elasticity and 
endurance ratio. 


Resistance to Corrosion, Heat, 
and Abrasion 


Only alloy steels have high resist- 
ance to corrosion, oxidation, scaling, 
and creep. Such steels are essential 
throughout industry wherever equip- 
ment is exposed to severe corrosion, 
excessive heat, or both... Wherever 
severe service demands a_ tough, 
abrasion-resistant steel, as in dipper 


buckets, dredging pumps, and rock 
crushers, alloy steels are the answer. 


High-Strength Structural Steels 
High-tensile, mild-alloy steels 
combine high strength with good 
ductility in the as-rolled state. Used 
as structural steels, they reduce dead 
weight and increase pay load. 


Let Us Help You 

We do not make steel, but have 
for over 30 years produced “Elec- 
tromet” ferro-alloys and alloying 
metals used in making steel. During 
this time, we have co-operated with 
the steel industry in developing new 
and better alloy steels for the spe- 
cialized needs of industry. If you 
have any questions regarding the 
manufacture, fabrication, or use of 
alloy steels for a specific purpose, we 
shall be glad to help you find the 
answers, without obligation to you. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and 
Carbon Corporation 
30 East 42nd Street. New York, N. Y. 


In Canada: Electro Metallurgical Company 
of Canada, Limited, Welland, Ontario 


The word “Electromet”’ is a registered trade-mark of Electro Metallurgical Company. 


Rustlessness—Steel made stainless 
and weatherproof with chromium is 
an architectural material of lasting 
luster and beauty, and wide utility. 


Fatigue Resistance —The elasticity 
and high endurance ratio that vana- 
dium imparts to steel help prevent 
fatigue failure underdynamicloads. 


Hardness and Strength — 
Chromium, manganese, 
and tungsten raise harden- 
ability, strength, toughness. 


Strength and Ductility—High-strength structural steels 
containing small amounts of chromium, manganese, 
and silicon transfer many pounds from dead load to 
pay load in such things as bridges and railroad cars. 


Tough, Ductile Castings— 
Vanadium and zirconium 
give impact strength and 
ductility to steel castings. 


Corrosion and Heat Resist- 
ance—Chromium and co- 
lumbium give these proper- 
ties to process equipment. 


Impact Strength and Wear 
Resistance— Mining equip- 
ment is made tough with 
manganese and chromium. 
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Personals 


Appointments by Carnegie- 
Illinois Steel Corp.: Maurice B. 
Sunderland @, transferred to the 
Pittsburgh office as metallurgical 
engineer handling sheet and strip. 
Charles F. Dickinson succeeds 
Mr. Sunderland as manager of 
the sheet and strip bureau, metal- 
lurgical division, Chicago. Paul 
R. Lawrence @ succeeds Mr. 
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Gast Blexilde Low Cost 


PRODUCTION 


DETREX PROCESSES 


Your part in the National Preparedness 
Program requires “stepped-up” efficiency 
both on your regular production and on 
government orders. 


Avoid a “bottle-neck” in your cleaning, fin- 
ishing and inspection departments by con- 
sulting Detrex engineers for approved 
methods. Follow government specifications 
in the cleaning of aircraft and automotive 
engines and parts, propellers, robots, radio 
equipment, photographic and optical instru- 
ments, indicating and control devices, shells 
and arms, special mechanisms, sheet metal 
parts, etc. 


Detrex Equipment and Materials for: Solvent 
Degreasing: Alkali, Spirits, and Emulsion f 
Cleaning; Bonderizing, Painting and Baking. 


DETROIT RE 


Engineered Solvent Degreasing and Alkali Cleaning 


13006 Hillview Ave. ¢ Detroit, Mich. 
Branch Offices in Principal Cities of U. S. A. 


Dickinson as assistant to the gen- 
eral superintendent of the Gary 
sheet and tin mills. John N., 
Crombie succeeds Mr. Lawrence 
as manager of the tin plate 
bureau, metallurgical division, 
Chicago. Earl H. Davidson @ to 
Pittsburgh as metallurgical engi- 
neer, handling structural and 
plate. Charles H. Jackman suc- 
ceeds Mr. Davidson as manager of 
the structural and plate bureau, 
metallurgical division, Chicago. 
Elmer Gammeter ©, contact rep- 
resentative, becomes manager of 
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PRODUCTS 
COMPANY 


& Van Winkle Co., Ltd., Toronto, Ont. 
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the stainless steel bureau, mets 
lurgical division, Chicago. 


James C. Hodge ©, former! 
chief metallurgist for Babcock 
Wilcox Co., Barberton, Ohio, j 
now vice-president and directo; 
Wellman Engineering Co., 
land, manufacturers of heay, 
machinery and special steel mi! 
equipment. 


Appointed manager of sales 
Hill-Chase and Co., Philadelphia 
Thomas J. Moore &, formerly 
district manager for the Colum- 
bia Steel and Shafting Co., and 
manager of Edgar T. Ward's 
Sons Co. 


Frank W. Robertson ©, for- 
merly sales manager of the 
Ungerer Leveler division for 
Edward W. Voss, Pittsburgh 
manufacturer of rolling mill 
machinery, has been made gen- 
eral manager of both the Ungerer 
Leveler and the machine tool 
division. Clyde DeVilling, for- 
merly with Universal Cyclops 
Steel Corp., has been placed in 
charge of heavy machinery sales. 


H. E. Ardahl ©, formerly 
chief metallurgist of John Deere 
Tractor Co., Waterloo, lowa, has 
been appointed assistant to the 
vice-president of Michiana Prod- 
ucts Corp., Michigan City, Ind. 
LaRue P. Bensing © has been 
appointed as representative for 
Michiana in the Cleveland terri- 
tory. 


W. H. Steinkamp @ has been 
transferred from Buffalo to 
Cleveland, as industrial manager 
of the Brown Instrument Division 
of the Minneapolis-Honeywell 
Regulator Co. 


Promoted: Carl H. Samans @ 
from assistant professor to asso- 
ciate professor of metallurgy in 
the School of Minerai Industries 
of the Pennsylvania State Col- 
lege, State College, Pa. 


Carl T. Eyring @ has com- 
pleted work for his B.M.E. at 
Cornell and has joined Bethle- 
hem Steel Co. as a member of the 
“loop course”, 


Thorwald Christensen ©, Uni- 
versity of Illinois, is now with 
Columbia Tool Steel Co., Chicago 
Heights, Ill. 
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In Canada: Canadian Hanson 


STEEL production soars today, the ...- National Metal Exposition 


uses and demands for alloy steels are 


greater than ever before. Cleveland, Oct. 21-25 


That’s because an ever greater number of 


today’s jobs require the increased strength 
and greater endurance that only an alloy | 
steel can give. 


Perhaps you, too, can profit by a surer 
knowledge of what the right alloy steel or 
iron can offer. There’s no better place to 
find the answer than Booth Y-2 at the Metal 
Show. Our Metallurgical Staff will be glad 
to counsel you on any specific applications. 


produces and markets 


these alloys: 


CORPORATION OF AMERICA 
420 Lexington Ave., New York, N.Y. 


PITTSBURGH - CHICAGO 
DETROIT - CLEV 


FERRO-VANADIUM FERRO-SILICON FERRO-CHROMIUM 
FERRO-TITANIUM ALSIFER CHROMIUM METAL 
IRON FOUNDRY ALLOYS - GRAINAL - V FOUNDRY ALLOYS 
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Personals 


G. W. Higgins @ is now in the 
openhearth department, Inland 
Steel Co., Indiana Harbor, Ind. 


Paul Peltier, Jr. @ is metallur- 
gical observer with the Campbell 
plant of the Youngstown Sheet & 
Tube Co., Brooklyn, N. Y. 


Robert F. Koenig @ is in the 
metallurgical laboratory of the 
Cleveland Graphite Bronze Co., 
Cleveland. 


Van Fisher is teaching three 
courses in the “Photography 
Workshop” of New York Univer- 
sity, one of which is on “Photo- 
Journalism” or the pictorial 
reporting he successfully 
done for Mevat ProGress for the 
last four years. (P.S.— Mera. 
PROGRESS received an “Award of 
Merit” in Jndustrial Marketing's 
competition at the last meeting of 
the National Industrial Advertis- 
ers Association for his story in 
the May issue on “Crucible Steel 
Made in America”.) 


“Excellent results for over five 
years have proved the value of 
Cities Service Cutting Oils in all 
of our operations, including 
threading, tapping and drilling,” 
writes the purchasing director of 
a large electrical manufacturing 
company.* 


This is but one of many examples 
where Cities Service Metal Cut- 
ting Lubricants have justified the 


title, “Service Proved.” We will 
welcome an opportunity to tell 
you more about them and about 
our Lubrication Engineers’ Serv- 
ice. Just fill out the coupon below 
and mail it for further information. 


Copies of our booklet, “Metal Cut- 
ting Lubrication” are still avail- 
able to users of metal cutting lu- 
bricants, Write for your copy today 
before the supply is exhausted. 


*Name furnished on request. 


JUST 
CLIP 
AND 
MAIL 


F mf E E J Sixty Wall Tower, Room 1626A, New York. 


CITIES SERVICE OIL COMPANY, 


Please send me information concerning 
your Lubrication Engineers’ Service 


Please send me booklet on Metal Cutting 
Lubrication 


Name Title 
Business Address 
Firm Name 


City State 
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W. Richison Schofield, for- 
merly chief engineer of Leeds & 
Northrup Co., Philadelphia, has 
been appointed director of engi- 
neering. John W. Harsch @, 
assistant chief engineer, has been 
advanced to chief engineer, and 
Mr. Harsch’s former position has 
been filled by the promotion of 
John F. Quereau ©. 


Warren N. Hall @ is now with 
Allegheny Ludlum Steel Co. as 
assistant to superintendent of the 
electric melting department. 


C. L. Clark @, formerly re- 
search engineer, University of 
Michigan, is now research metal- 
lurgical engineer, Steel and Tube 
Division, Timken Roller Bearing 
Co., Canton, Ohio. 


J. M. Bates & is now employed 
as assistant metallurgist for the 
Carbide and Carbon Chemicals 
Corp., Charleston, W. Va. 


Kenneth S. Cowlin @ is em- 
ployed by the Electro Refracto- 
ries & Alloys Corp., Buffalo. 


J. G. MeCallum, past chairman, 
Golden Gate Chapter ©, has 
closed his metallurgical labora- 
tory in Oakland, Calif., to take 
the position of superintendent of 
the new Pacific Carbide & Alloys 
Co. plant in Portland, Ore. 


Bertrand S. Norris formerly 
instructor at Pennsylvania State 
College, is now a metallurgical 
engineer in the research labora- 
tory of U. S. Pipe and Foundry 
Co. in Burlington, N. J. 


Appointed by the National 
Academy of Sciences as a com- 
mittee to review suggested new 
processes for the recovery of 
manganese from low grade 
domestic ores: James H. Critchett 
of Union Carbide & Carbon Corp. ; 
Charles H. Herty, Jr. @ of Bethle- 
hem Steel Co.; John Johnston & 
of U.S. Steel Corp. Research Lab- 
oratories; and Gilbert Seil of E. J. 
Lavino & Co. 


A. T. Greiner, formerly in 
charge of Salem Engineering Co.'s 
work in France, and Thomas 
Breene ©, associated with Salem 
Engineering Co., Ltd., London, 
have returned to the U.S. and are 
now in the sales department of 
the company at Salem, Ohio. 
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215 LB. PROP 


ERIE HAMMERS are outstanding in the 
™ country’s first line of defense . . This one i 
forging a 215 lb. airplane propellor hub for 
a radial motor... The material is nitriding 
steel... 40 years of experience in design and 
construction of hammers for the forging 
industry qualify ERIES for the speedy forg- 
ing of parts for the machines of prepared- 
ness or peace. 


Write for your complete composite ERIE 
catalog today. 


ERIE FOUNDRY CO. 


ERIE, PENNSYLVANIA, U.S.A. 


DETROIT CHICAGO INDIANAPOLIS 
335 Curtis Bldg. 549 Washington Blvd 335 Postal Station Bldg 
FRANCE CANADA ENGLAND 


Fenwick,S.A John Bertram & Sons Co., Ltd Burton, Griffiths & Co., Ltd 
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It’s low carbon Speed Case (X1515) . .. an open hearth steel 
plate that machines far more readily than other carbon steels 


without tearing and readily takes a satin smooth finish. 


a Speed Case can be cut at speeds of 250 to 300 surface f.p.m. with 
_-§ to 15 times longer tool life because of low tool temperatures. 
Its physical properties are higher than ordinary steels with high 
7 shear, impact and torsional resistance and ductility that permits 180° cold 


bends without fracture. 


 Carburizing time is reduced as much as 20%; a uniform deep case results; 
fibrous core is tough. No warpage or ‘“‘run-outs” occur in machining or heat- 


7 treating. Magnetic coefficiency is low. 


Use Speed Case for rubber, plastic and glass molds, roller dies, stripper plates, They are the steels for 
fabricated power shovel dippers, motor and generator teday — let us tell you 
he advantages offered by Speed Case. more about the m—stop in 

at Booth Z122, National 


Speed Treat (X1545), a medium carbon open hearth steel, offers similar cost Metal Show. Cleveland. 
cutting values plus excellent heat-treating properties. 


cut gears and sprockets, 
housings and other parts demanding t 


Quality Controlled Speed Case and Speed Treat Steels are available in 
all common plate sizes, hot rolled and cold finished bars and billets. ' 


WwW. J. HOLLIDAY & CO. 
Established 1856 
HAMMOND, IND. * CHICAGO, ILL. INDIANAPOLIS, IND. 


Distributed by 
Beale McCarthy & Rogers Horace T. Potts Co. Brown-Wales Company The my Tron Company Peckover’s, Led. 
Buffale, N. Philadelphia, Pa. Boston, Mass. Akron, Chio Toronto 2, Canada 
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Park-Kase 


A leaflet by Park Chemical Co. 
contains complete information con- 
cerning a new liquid carburizer of 
rapid and uniform penetration. 
Unique features and advantages of 
the bath are backed up with tech- 
nical data. Bulletin Na-141. 


Anti-Scaling Compound 


An oxide armor for steel parts 
exposed to high heat which triples 
the life of the steel is described in 
an interesting illustrated booklet re- 
leased by E. F. Houghton & Co. Bul- 
letin Gd-38. 


Case Hardening 


The Pioneer two-component car- 
burizing bath-Aerocase manufactur- 
ed by the American Cyanamid & 
Chemical Corp. is described in de- 
tail in a two-color folder just re- 
leased. Bulletin Kd-148. 


Chapmanizing 
Chapmanizing, the method of sur- 
face hardening steel with nitrogen, is 
described in a very attractive book- 
let of Chapman Valve Mig. Co. 
Information is given on the method 
itself and on its metallurgical ad- 
vantages. Bulletin Ob-80. 


Flame Hardening 


“Flame Hardening Apparatus”, a 
new 12-page bulletin issued by the 
Air Reduction Co., makes available 
details and apparatus involved in 
flame hardening surfaces of various 
forms. Bulletin Kd-69. 


Tocco Process 


The marvel of all heat treaters— 
the Tocco Process of Induction Hard- 
ening—is fully described in a color- 
ful folder by the Ohio Crankshaft 
Co. Bulletin Lc-145. 


Electric Salt Bath 
Furnaces 


Users’ reports on work treated in 
the Ajax-Hultgren salt bath furnace 
are described and operating data for 
cyaniding, carburizing, hardening 
high speed steel, etc., are given in 
literature of Ajax Electric Co., Inc. 
Bulletin Cd-43. 


Induction Heating 
Equipment 


High frequency induction heating 
equipment for rapid, accurately con- 
trolled localized heating, melting. 
brazing is covered by folders re- 
leased through Ecco High Frequency 
Corp. Bulletin Kd-281. 


Rapid Oil Cooler 


New leaflet by Bell and Gossett 
shows the importance of keeping the 
oil quenching bath at a constant 
temperature in the heat treatment of 
metals, and describes the new 
B & G Ojil-Cooler. Bulletin Kd-287. 


Carburizing Salt 


A technical service bulletin de- 
scribing a new development—Du- 
Pont Carburizing Salt—for the eco- 
nomical production of deep high-car- 
bon cases on plain carbon and alloy 
carburizing steels available 
through DuPont. Bulletin Dc-29. 


Durnaces 
Judustrial 
Ouens 


Refractories 


Furnace Experience 


Facts developed through 32 years 
of engineering and building prac- 
tically every type of industrial fuel 
equipment can be obtained through 
Flinn & Dreffein Co. Bulletin Bc-82. 


Hardening Furnace 


A pamphlet which describes “Cer- 
tain Curtain” furnaces made by C. |. 
Hayes, Inc., will be particularly in- 
teresting to those with hardening 
problems. Bulletin Nc-15. 


Metal Heating 


Improvements in furnace econo- 
mies, operating conditions and ap- 
pearance, furnaces that will more 
satisfactorily meet old requirements 
or handle new processes, service 
that will help solve the most stub- 
born problems are offered and de- 
scribed by Mahr Mig. Co. in Bulle. 
tin Ea-5. 


Model “Y” 


The Sentry Model “Y” electric fur 
nace, using the Sentry Diamond 
Block method of heat treatment, pro- 
vides exceptional quality high speed 
steel hardening at minimum produc- 
tion cost. The furnace is described 
in Bulletin Oy-114. 


New Electric Furnace 


An electric furnace that is new 
in every respect... including new 
insulating refractory lining. increased 
wall insulation, simplified door lift 
mechanism .. . is described in a 
bulletin released by the American 
Electric Furnace Co. Bulletin Gd-2. 


Clean Hardening 


Continuous clean hardening ma- 
chines for work ranging from ex- 
tremely small, light springs, stamp- 
ing. drop forgings, etc., up to quite 
large and heavy pieces are de- 
scribed in a bulletin by the Ameri- 
can Gas Furnace Co. Bulletin Ed- 
11. 


Oil Burners 


North American Mig. Co. offers a 
bulletin describing improved low 
pressure oil burners, one type espe- 
cially designed for automatic con- 
trol and ideally suited for use with 
proportioning control valves. Bulle. 
tin Na-138. 


Industrial Furnaces 


The Rockwell Furnace line, devel. 
oped over half a century. is de. 
scribed in an attractive folder re- 
leased by W. S. Rockwell Co. Bul- 
letin Kce-34. 


Motor Blower 


Blowers used for oil and gas 
burning are featured in an interest- 
ing booklet by Ingersoll-Rand. Bul- 
letin Kd-222. 


Bright Annealing 


Various types of electric and fuel. 
fired furnaces built by the Electric 
Furnace Co. for bright-annealing 
wire, tubing, strip and other prod- 
ucts are described in an 8-page 
folder. Bulletin Lb-30. 


Industrial Furnaces 


Furnaces of all types are fully de- 
scribed in technical bulletins made 
available by the Eclipse Fuel En- 
gineering Co. Bulletin Hc-226. 


Heat Treating 


A folder by Industrial Heating 
Equipment Co. explains and illus- 
trates diagrammatically a_ continu- 
ous type heat treating furnace in 
which temperature can be held to 
within extremely close limits, and 
in which the product is always uni- 
formly heated. Bulletin Ga-168. 


Electric Furnaces 


A new catalog on electric furnaces 
and pyrometers has been released 
by the Hoskins Manufacturing Com- 
pany. For anyone who does any 
kind of heat-treating, brazing or uses 
heat-resisting castings. Bulletin Hc. 
24. 


Vap-O-Gas 

Vapofier Corporation equipment 
offers the only complete, instantly 
usable stand-by safeguard available 
for use with fuel oil or gas through 
the same burners and manifolding. 
If you have heat treating equipment 
in your plant investigate the advan. 
tages of economy and efficiency of 
Vapofier. Bulletin Kd-290. 


Firebrick 


Technical data on B&W insulating 
firebrick can be obtained through 
the Babcock & Wilcox Co. Bulletin 
Fc-75. 


Portable Electric 
Furnace 


A unique portable electric furnace 
designed for use at temperatures be. 
low 1100 F. with drawing salts and 
oil tempering baths is described in 
a booklet by Claud S. Gordon Co. 
Bulletin Ed-53. 


Controlled Combustion 


Direct Fired Air Heaters which 
make possible Controlled Combus- 
tion and permit wider range in oven 
and furnace operation are explained 
in a 4-page folder by the Despatch 
Oven Co. Bulletin Lc-123. 


Insulation 


A 32-page catalog containing 
specific information on all of the 
sheet, block and pipe insulations de- 
veloped by the Johns-Manville Com 
pany is now available through that 
company. Bulletin Fb-100. 


New Furnace Principie 


An amazing new principle of fur- 
nace combustion that offers the fast. 
est, most economical heat available 
today has been developed by Radi- 
ant Combustion, Inc. Write for com. 
plete details today. Bulletin Kd-289. 


High Frequency 


The well-known Ajax - Northrup 
electric furnaces are excellently 
cataloged in a 22-page book, which 
covers all sizes and types for lab 
oratory or shop. Includes illustra 
tions. diagrams, tables and charts. 
Ajax Electrothermic Corp. Bulletin 
Ia-41. 


Turbo-Compressors 


Spencer Turbine Co. has turbo 
compressors in all sizes and types 
for oil and gas-fired furnaces, ovens 
and foundry cupolas. Special types 
for special purposes such as gas- 
tight and corrosion resisting applica 
tions are also described in Bulletin 
Da-70. 
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Firestone 


A story of the origin and history 
of Buckeye silica firestone makes an 
interesting preamble to a complete 
technical discussion of the proper- 
ties and applications of this refrac- 
tory. Cleveland Quarries Co. Bul- 
letin Ka-176. 


Super Refractories 


A catalog of Chas. Taylor Sons 
Co. is replete with useful data on 
P. B. Sillimanite refractories for use 
up to 3300 FF. in electric furnace 
roofs and linings, induction furnaces, 
crucible furnaces, fuel-fired hearths, 
piers and linings, burner blocks, etc. 
Bulletin Ec-218. 


Steel @ 
Jnon 


Ground Shatfting 


A colorful tolder describing 
Ground Shafting made by Bliss & 
Laughlin, Inc., is now available 
through this company. Pictures steps 
in shafting production. Bulletin Bc- 
42. 


Stainless-Clad 


IngAclad Stainless-Clad Steel is 
covered in detail by a new booklet 
issued through Ingersoll Steel & Disc 
Division, Borg-Warner Corp. Bulle- 
tin Ke-253. 


Recommended Tool 
Steels 


A new chart giving the brands of 
Jessop tool steels recommended for 
various tools, dies and other appli- 
cations, has just been released by 
the Jessop Steel Co. Bulletin Ic-173. 


Vanadium Steel 


Latrobe Electrite Vanadium High 
Speed Tool Steel is described in 
literature released by the Latrobe 
Electric Steel Co. Bulletin Kb-208. 


Special Alloy 


“Five-Point’ Deephard steel pro- 
duced by a special process is com- 
pletely described in a 12-page folder 
made available by Foote Bros. Gear 
and Machine Corp. Bulletin Hc-244. 


N-A-X 

New twenty-page,. fully illustrated 
booklet on N-A-X high tensile low 
alloy steel has just been published 
by Great Lakes Steel Corporation. 
This steel has been thoroughly 
proved in application where ordi- 
nary high tensile steels have failed. 
Bulletin Kd-229. 


Special Steels 


An impressive new 160-page Hand 
Book of Special Steels which gives 
the very latest data on the charac. 
teristics and applications of Alle- 
gheny Ludlum tool steels has just 
been printed. Write today since is- 
sue is limited. Bulletin Ic-92. 


Machine Tool Castings 


A completely illustrated 16-page 
booklet containing applications of 
Meehanite castings in the machine 
tool industry has been prepared by 
the Meehanite Research Institute of 
America, Inc. Bulletin Kd-165. 


Steel Data Sheets 


Wheelock, Lovejoy & Co. gives 
analyses, physical properties, heat 
treating instructions, and applica- 
tions of Hy-Ten, Economo, and S.A.E. 
alloy steels in concise and easily 
usable form. Bulletin Ox-74. 


Unusual Casting Metal 


An unusual type of casting metal 
which bridges the gap between 
malleable iron and steel is de- 
scribed in a new folder by Chicago 
Malleable Castings Co. Bulletin Kd- 
279. 


Stainless Stock List 


The large mill stock of stainless 
steel bar and wire carried for imme- 
diate shipment by the Rustless Iron 
and Steel Corporation is itemized in 
a new stock list released by this 
company. Bulletin Gd-169. 


High Speed Steel 


Required hardness and extraordi- 
ary toughness combine to make 
Firth-Sterling Steel Co. new high 
speed Steel ““Mo-Chip” of unusual 
interest to manufacturers who need 
a steel that is “practically inde- 
structible.“" Bulletin Ad-177. 


Tool Steels 


Information about the fine steels 
made by the Uddeholm Company of 
America, Inc., can be obtained by 
requesting their new bulletin. This 
company controls its output com- 
pletely from the ore mine to the 
consumer. Bulletin Eb-196. 


Free Machining Steels 


Speed Case and Speed Treat, two 
steels with increased machinigg 
properties, are described in literature 
available through Monarch Steel Co. 
Bulletin Cd-255. 


Steel Data 


Ten colorful leaflets each describ- 
ing a popular grade of tool or high 
speed steel and giving useful data, 
application information, etc., have 
just been issued by Vanadium.Al- 
loys Steel Co. Write for Bulletin 


Kd.294. 
Trantiny] 

“Ten times the wear’—‘Turn 
after turn 


able tonnage and low scrap’’-——are 
a few of the comments by users of 
Trantiny! alloy guides. The answer 
is the right choice of over 22 alloy 
steel analyses plus correct process- 
ing and heat treating by Youngs- 
town Alloy Casting Corporation. 
Operating men should investigate 
this amazing alloy now. Bulletin 
Kd-291. 


Free Machining 


Reserve your copy of new twenty- 
page story of Speed Case and 


Speed Treat. This new booklet 
covers physical properties, compares 
this W. J. Holliday & Co. steel with 
SAE 10-20 and others. Explains how 
manganese and sulphur content 
plus patent manufacturing processes 
produce free machining combined 
with comparatively high physical 
values. Also contains machinability 
carburizing tables and pictures ap- 
plications. Bulletin Kd-293. 


Ginishing @ 
Plating 


Degreasers 


An interesting line of portable de- 
greasers which can be taken to the 
work—instead of bringing work to 
the degreaser—is shown and de- 
scribed in a colorful folder by the 
Phillips Manufacturing Co. Bulle- 
tin Nc-254. 


Chemicals 


A complete line of Fluxes, In- 
hibitors, Zinc, Alkali Cleaners and 
Acids is described in a new catalog 
issued by Grasselli Chemicals Dept. 
of E. I. DuPont de Nemours & Co. 
Bulletin Dd-95. 


Metal Blackout 


The new JETAL process for black- 
ening iron and steel quickly and 
thoroughly at low cost is described 
in literature available through the 
Alrose Chemical Co. Bulletin Cd- 
256. 


Cadmium Plating 


Concise, practical information for 
the operating plater is included in 
an up-to-date manual on cadmium 
plating released by E. I. DuPont de 
Nemours & Co., Inc. Bulletin Hd-29. 


Rotoblast 


Quicker production Blast Cleaning 
Equipment for producers of metal 
castings, forgings and heat treated 
parts is explained in literature just 
released by the Pangborn Corp. 
Bulletin Ic-68. 


Mounted Wheel Chart 


A convenient ready reference wall 
chart showing mounted grinding 
wheels should be of great advantage 
in the cleaning room, pattern shop, 
tool and die room, and many other 
places. It gives at a glance, by 
means of detailed drawings, actual 
size, the exact radius of each wheel 
and its exact shape. Chicago Wheel 
& Mfg. Co. Bulletin Bd-230. 


Degreaser 


Degreasing machines for practi- 
cally every cleaning job are de- 
scribed in literature made available 
through the Detroit Rex Products Co. 
Bulletin Hc-111. 


Welding e 
Culting 


Kickless Cable 


A water cooled electrical conne; 
tion between the secondary taps oj 
a welder transformer and a portable 
welder gun is described in c ney 
bulletin by the Clark Controller Co, 
Guaranteed not to tangle or ‘kick’ 
Bulletin Kd-280. 


Brazing Alloys 


How you can put your meta! join 
ing on a sound, economical basis is 
explained in a folder just released 
by Handy & Harman. Well illus 
trated and full of facts. Bulletin Ic 
126. 


Welding Stainless 
Steels 


A 24-page technical bulletin, giv 
ing important information for the en 
gineer, designer or welding operator 
on the welding of stainless steel, is 
available through the Arcos Corp. 
Bulletin Hc-191. 


Welding Stainless 


How to weld stainless steels is 
described in a colorful 12-page 
folder released by the Page Stee! 
and Wire Division of American 
Chain & Cable Co., Inc. Bulletin 
Cc-86. 


Flame Gouging 


An economical method of groov. 
ing steel, ‘Flame Gouging”, is ex 
plained with operating data and i! 
lustrations in an 8-page folder 
released by The Linde Air Products 
Co. Bulletin Bd-63. 


Nou-Gerrous 
Metals 


Copper Bulletin 


A new clearing house for news 
of developments in brass, bronze and 
copper, the “Copper Alloy Bulletin’. 
issued by the Bridgeport Brass Co.. 
made its appearance with the March 


issue. It is edited for the technical 
and engineering audience. Bulletin 
Da-163. 


Ampco Alloys 


A new booklet covering “Ampco 
Alloys in Pump Service” is being re- 
leased by Ampco Metal, Inc. Bulle 
tin Gd-175. 


Extrusions and 
Pressings 


The book “Impact Extrusions ani 
Pressings” showing many impca:'! 
extrusions made of Alcoa Aluminu 
Alloys, for designers and productic : 
men, is available through the Al 
minum Company of America. Bu 
letin Hc-54, 
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uctural Metal 


omplete and concise discussion 

agnesium and its alloys is con- 
d in the booklet “Industry's 
test Structural Metal” which is 
le available through the Dow 
mical Co. Bulletin Bd-215. 


Melting s 
Casting 
Ingot Production 


“The Ingot Phase of Steel Produc- 
tion” is the title of a book defining 
the principles of quality ingot pro- 
duction followed by many well- 
known steel manufacturers. Gath- 
mann Engineering Co. Bulletin Ka- 
13. 


Foundry Sand 


A pamphlet recently issued on 
TAM Foundry Zircon Sand and TAM 
Zircon Flour contains detailed infor- 
mation on these products of the Ti- 
tanium Alloy Mfg. Co. Bulletin Hc- 
90. 


Pit Handbook 


A virtual handbook on soaking pit 
procedure best describes the new 
booklet published by Amsler-Morton 
Company. Included are comprehen- 
sive case histories of pits now in 
successful operation. Bulletin Kd-286. 


Ferro-Alloys 


An interesting folder by Electro 
Metallurgical Co. tells all about their 
ferro-alloys and their special service 
to users which will help them to 
operate their furnaces and make al- 
loy additions under the proper con- 
ditions. Bulletin Jy-16. 


Vanadium Castings 


A 24-page bulletin well illustrated 
with more than 20 photographs con- 
tains a complete description of the 
Properties and applications of a 
number of vanadium alloy steels for 
castings where high strength is re- 
quired without excessive weight or 
high cost. Vanadium Corp. of 
America. Bulletin La-27. 


Testing 
Control 


Multi-Point Pyrometer 


The Alnor Rectangular Type Py- 
rometer, designed to provide a 
rugged moderately priced instru- 
ment with multi-point switch, is de- 
scribed in a release by the Illinois 
Testing Laboratories, Inc. Bulletin 
Dc-180. 


Comparator- 


Densitometer 


A unit for accurately and speedily 
Projecting a spectrogram on a view- 
ing screen and enabling positive 


spectral lines identification up to 70 
elements is covered by a new folder 
released by Harry W. Dietert Co. 
Bulletin Kd-198. 


Testing Machines 


A compact spiral-bound 58-page 
booklet on the extensive Olsen line 
of testing machines and instruments 
has just been released by the Tinius 
Olsen Testing Machine Co. Well 
illustrated and filled with informa. 
tive charts and testing data. Bul- 
letin Gb-147. 


New Gages 


Catalog describing the new gages 
which shops are using to control 
the dimensions of shell, gun and air- 
plane engine parts is presented by 
Federal Products Corporation. Bul. 
letin Kd-292. 


Temperature 
Determination 


A new device for determining 
temperatures in industry, consisting 
of little thermometric pellets called 
“Tempils” is explained and _ illus- 
trated in an attractive folder printed 
by the Tempil Corp. Bulletin Fd-270. 


Surface Analyzer 


Instantaneous and permanent 
chart records of irregularities in fin- 
ished surfaces such as metals can 
now be made with the Brush SA-2 
Surface Analyzer and is completely 
described in booklet by the Brush 
Development Company. Bulletin 
Kd-288. 


Control Instruments 


The general Wheelco catalog il- 
lustrating this famous line of con- 
trol instruments is now available 
through the Wheelco Instrument Co. 
Bulletin Kd-110. 


Wide-strip Pyrometer 


Complete information on the new 
Bristol Multiple Record WideStrip 
Pyrometer can be obtained through 
the Bristol Company. Gives up to 
8 temperature records on the same 
chart. Bulletin Ac-87. 


© Forging 


Hard Facing Alloys 


For maximum resistance to wear 
and corrosion, the Wall-Colmonoy 
Corp. offers a fact-packed folder 
which is extremely helpful to amy- 
one having this problem. Bulletin 
Kd-85. 


Rotary Files and Burs 


A variety of high-speed Rotary 
Files and Burs plus other necessary 
shop equipment is included in the 
complete catalog available through 
the Martindale Electric Co. Bulletin 
Kd-282. 


URE 


Drop Hammers 


Erie Foundry Co. has an illustrated 
bulletin giving complete information 
on modern practice with steam drop 
hammers. Bulletin Jy-130. 


Kennametal Tools 


A new booklet telling how to cut 
steel profitably with Kennametal 
tools and blanks is offered by Mc- 
Kenna Metals Co. Bulletin Kd-238. 


Cutting Alloy 


New price sheets released by the 
Carboloy Company will be interest- 
ing to men concerned with machin- 
ing problems. Bulletin Kd-278. 


New Machines 


The Acme Machinery Company 
has just published two catalogs, one 
describing Acme Model XL Thread- 
ing Machines, the other describing 
Acme Model XN Forging Machines. 
Both announce the new Model XR 
Roll Threading Machine, which rolls 
threads on bar stock up to 12-inch 
diameter in any length. Bulletin 
Kc-39. 


Cutting Oils 

An interesting new booklet, “Met. 
al Cutting Lubrication In Theory 
and Practice”, has just been made 
available by Cities Service Oil Co. 
Bulletin Ec-113. 


Heat 
Resistant 
Metals 


Alloy Castings 


The “extra point” value of Michi- 
ana alloy castings is shown in a 
booklet released by the Michiana 
Products Corp. Typical installations 
are shown. Bulletin Nb-81. 


Refinery Alloys 


Special alloys for refineries, cor 
rosion, temperature, and abrasion 
resisting are covered in a colorful 
folder produced by the Duraloy Co. 
Bulletin Kd-233. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings. especially the chromium 
nickel and straight chromium alloys 
manufactured by General Alloys 
Co. to resist corrosion and high tem- 
peratures, is contained in Bulletin 
D-17. 


Metalwove Belts 


Metalwove Belts used in a wide 
range of applications heretofore be- 
lieved impractical in the continuous 
treatment of metals are illustrated 
and described in a new catalog re- 
leased by Audubon Wire Cloth 
Corp. Bulletin Kc-250. 


Centrifugal Iron 


A bulletin descriptive of the re 
cent development and production of 
centrifugally cast alloy irons, Ni- 
Resist, and other compositions by 
Shenango-Penn Mold Co. includes 
the chemical analysis. phvsical 
properties and uses of four standard 
gray iron compositions. Bulletin Ka 
174. 


Pyrasteel 


All types of uses for Pyrasteel, 
the heat resisting alloy made oy 
Chicago Steel Foundry Co., from 
astronomical plaques ruled 20,000 
lines to the inch to huge kilns, are 
described in an illustrated pamphlet. 
Bulletin Cb-184. 


Fahralloy 


Complete and interesting informa. 
tion about the alloy castings and 
other Fahralloy Company products 
may be obtained in an attractive 
new leaflet. Bulletin Hb-199. 
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FAHRALLOY 
CASTINGS 


FAHRALLOY CASTINGS have demonstrated their 
value in every application for heat resistant alloys 
and will prove economical for you, also. You can 
buy no better! 

You save with Fahralloy 


FAHRALLOY CASTINGS are produced in almost all 
known stainless steel analyses and are found in 
every service requiring high resistance to damaging 
corrosives. 

You save with Fahralloy 


FAHRALLOY CASTINGS for resistance to abrasion 
have been successfully used in applications requir- 
ing high “wear-ability”. We may have the answer 
to your wear problem. 
You save with Fahralloy 
€ € 

Large users of alloy steels repeatedly favor Fahralloy 
products. If you are not among them why not con- 
sult with us on your next severe service requirement. 


HARVEY, ILL. (in Canada FAHRALLOY CANADA Ltd., Orillia, Ontario) 
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HARDENING 
ANNEALING 
SINTERING 
BRAZING @ 
MELTING @ 
FORGING 


HEAT BY LEPEL CONVERTERS 


For information on our many new de- 
velopments in Heat Treating methods 
and Heavy Duty High Power Equip- 
ment see us at our Booth Z-224, or write 
directly to our main office. 


Exclusive representatives for United States and Canada for 
our equipment in the Hardening field—The Ohio Crankshaft 


LEPEL 


FREQUENCY 


High Frequency Laboratories, Inc. 
| 39 West 60th Street 


New York, N. Y. 


The DoAll offers important short cuts in 
stepping up production. A great time and 
energy saver in cutting out internal and 
external shapes from any metal up to 10” 
thick. 


Eliminates long hours of tedious hand 


work in making special tools and dies and 
in turning out short runs of metal parts. 


This rugged precision machine tool is cre- 
ating a sensation in 30 countries—in metal 
working plants, machine shops, arsenals, 
airplane factories, ship yards, etc. 


Let a factory trained man bring a 
DoAll to your plant and show you 
what it can save on your own work. 


FREE—Handbook on Contour Machining, 
working helps. 


CONTINENTAL MACHINES, INC. 


1307 S. Washington Ave., Minneapolis, Minn. 
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DoALL 


RELEASES OTHER 
MACHINE TOOLS 
ON URGENT 
DEFENSE JOBS 


Chrome Vanadium Steel 
Part tor hydraulic press. 
Made by Burndy Engineer- 
ing Co., New York. 


Former milling 
time 13 hours 


The DoAll re- 
moved sections 
shown in 37 min- 
utes, reducing the 
finish milling to 2 hours 


DoAll saving on 
milling 11 hours 


158 pages of valuable metal 
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4140 GOES TO SEA 


The fact that this steel can be treated to develop the 


It is well for all concerned that builders of marine 
Diesels make performance capacity the primary basis 
for the selection of materials. Breakdowns at sea or 
anywhere else are no fun for anyone, including the 
engine builder. 

But the demand for reliability can be met and pro- 
duction costs still kept where they should be. One 
prominent builder, for example, is doing both by 
specifying Chromium-Molybdenum (SAE 4140) steel 
for a number of parts including bolts, wrist-pins, cyl- 
inder head studs, gears, tappets and crankshatfts. 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 


Climax 


500 Fift 
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properties necessary for applications having such 
different requirements is of value to both builder and 
user. It simplifies heat treatment and stockroom pro- 
cedures. And, since simplification makes for uniform 
quality in the finished parts, it gives added assurance 
of dependability. 

Your own product might benefit through the use of 
this versatile steel. You will find complete data on this 
and other molybdenum steels in our book “Molyb 


denum in Steel,” which will be sent free on request. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 
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Steels and Irons 


Supplies of Manganese 
(an Essential for Steel Making) 


By R. C. Allen 


Consultant for Manganese 
The Advisory Commission to the Council of National Defense 


E in the United States are not facing an 

immediate emergency so far as concerns 
supplies of manganese. At the present rate of 
consumption we have approximately 16 months’ 
supply in the country, and imports are coming 
in at about the current rate of consumption. 
Russia is cut off, but sources in India, Africa, 
Cuba, South America, and the Philippine 
Islands are available and are being utilized to 
the extent shipping is available. Definite plans 
are under way for supplementing imports 
through domestic production of ore suitable for 
the manufacture of ferromanganese; this is a 
matter of vast detail, but progress is being 
made. In August a contract was signed with 
the Anaconda Copper Mining Co. for the deliv- 
ery of 80,000 tons of manganese concentrates 
per vear from proven ore reserves in the Butte 
mines. <A_ relatively small tonnage of high 
grade manganese ore is available from domestic 
deposits without concentration. However, it 
will take some time to plan for production and 
to get production under way in the several 
districts in the country containing low grade 
deposits of considerable magnitude. 


Steel and Iron Castings 


By Edwin Bremer 
Metalluraical Ed tor The F ouNndry 


RESENT EFFORT in the foundry field essen- 
tially is devoted to improvements in melt- 
ing and molding practices in order to produce 
high quality castings on the most economical 
basis. The search for new alloys is counter- 


acted by a growing tendency to investigate more 


thoroughly the properties of those in use for 
some time so as to obtain all possible informa- 
tion on their potentialities; this interplay of 
influences actually results in fewer composi- 
tions meeting a wide range of applications. 
However, there is no pause in the development 
of new combinations with specific properties to 
meet special applications, 

In the steel castings field other and cheaper 
methods are replacing dry sand molding. In 
green sand more resistance to cutting at or near 
the gates is being secured, and other refractories 
than silica—for example, zirconia or alumi- 
num silicates — are suggested for vital points. 
Differential heat treatments continue to develop. 
Flame hardening is opening up new avenues of 
application previously closed to steel castings. 
Many factors point to a revival of the converter 
as a melting medium; such factors include a 
continuing small price spread between scrap 
and pig without any reduction in electric power 
cost, the advantages of a hot-blast cupola, 
improvements in desulphurizing cupola iron, 
and the photoelectric control of the converter 
flame. 

Low alloy steels are meeting objectively 
two requirements. On the one hand they are 
providing more stability and ruggedness to 
standard designs without any weight saving. 
On the other hand, the advantage of superior 
physical properties is being exploited to 
decrease weight. Shapes and location of inclu- 
sions formed as deoxidation products have been 
recognized as important factors in determining 
the physical properties of steel castings, and 
new deoxidizers now available greatly aid the 
foundryman in producing uniform and predict- 
able properties. Exothermic processes show 
possibilities; one applies the thermit reaction to 
produce stainless steel castings from stainless 
scrap, ferrochromium and nickel; another uti- 
lizes a silico-thermic reaction to produce molten 
ferrochromium in the ladle or in the furnace. 
Recoveries of 90 to 95° are claimed, as well as 


lower cost through shortening of time of heat, 
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alloying without chilling, and greater flexibility 
and accuracy in alloying. Successful applica- 
tion of centrifugal casting to automotive cluster 
gear blanks and ring gear blanks undoubtedly 
will lead to further use of the method in similar 
shapes desired on a quantity basis. Steel 
foundrymen no longer need fear aspersions 
reflecting on the weldability of steel castings, 
particularly in combinations of cast and 
wrought structures, since a recent investigation 
proves beyond doubt that cast steels show at 
least as good, and in many cases better, weld- 
ability than comparable rolled products. 

In the gray iron field, including both plain 
and alloy types, there has been no let-up in the 
investigation of better production methods. 
More and more data are being made available 
to show the dependability of iron castings in 
engineering and other fields. Progressive 
foundrymen, keeping closely in touch with such 
developments, are enabled to supply customers 
with a wide range of compositions to meet a 
broad field of applications ranging from those 
requiring high damping capacity to those neces- 
sitating strengths approaching and sometimes 
exceeding other materials, not to mention heat 
and wear resistance. Use of alloys is being 
given critical consideration; such use is increas- 
ing where service and economy warrant. Heat 
treatment for stress relief and for improvement 
of machinability is being extended, as it is also 
for obtaining high hardness for wear resistance, 
and for an improvement in physical properties. 

Oxy-acetylene flame heat- 
ing for selective hardening 
particularly of gray iron — is 
being employed more and 
more, and increasing thought 
and attention being 
accorded to induction heating 
and quenching for producing 
high surface hardness. A proc- 
ess similar to austempering of 
steel, involving quenching in a 
molten bath maintained at 550 
to 750° F. for 15 to 30 min. is 
claimed to result in greatly 
improved physical and wear resisting proper- 
ties for the casting. 

In the malleable field every effort is bent 
toward maintaining high quality through close 
control of various production phases from melt- 
ing to finished casting. A few foundries are 
producing a high strength malleable having on 
the order of 61,000 psi. tensile strength, 19,000 


psi. yield, and 20 elongation; this is had by th 
addition of molybdenum to an otherwise regu 
lar composition. In production shops som 
increase is noted in the use of duplexing, anc 
also an improvement in procedure. Use o 
pearlitic malleable cast irons continually i 
expanding in applications requiring high shock 
resistance with high elastic limit, good wearing 
qualities, high fatigue resistance and good 
machinability. Pearlitic malleable castings 
have replaced numerous forgings, particularly 
in the automotive field; quenching in a molten 
bath similar to austempering has been sug- 
gested as a further improvement. Short cycle 


annealing seems to be holding its own, and 
apparently its expansion is essentially one of 


economics. 


Ladle Additions to Cast lron 
By Richard Schneidewind 


Asso. Prof. of Metallurgical Engineering 
University of Michigan 


alloys, such as are 

commonly found in commercial gray and 

white cast irons, are more susceptible, perhaps, 

to undercooling and rate of cooling than any 

other common material. If we change the rate of 

cooling of steel from the molten condition, the 

only difference in result that could be noted 

would be a refining of the grain and a differ- 

ence in the product of the transformation of aus- 

tenite. Cast irons also are finer 

grained if rapidly cooled and 

the austenite will likewise 

transform as martensite. In 

addition, however, these alloys 

have the ability to freeze in one 

of two systems — either the 

Fe,C-austenite or the graphite- 

austenite system (see the equi- 

librium diagram, page 422). 

Probably everyone knows that 

if an iron-carbon-silicon alloy 

is very rapidly cooled, the 

resulting product is white iron 

consisting of cementite plus pearlite or other 

decomposition products of austenite, whereas 

if slowly cooled, the cementite is replaced by 
graphite. 

To illustrate this principle, a casting may 
be made in the form of a wedge with a 12° 
angle. White iron will be found at the point 
of the wedge; as it gets thicker and the cool- 
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ing rate slower, a mottled zone of ferrite, graph- 
ite, carbide, and pearlite is reached. As _ the 
cooling rate becomes still lower we eventually 
obtain various forms of gray cast irons con- 
taining graphite and pearlite and, in very heavy 
sections, graphite and ferrite. If such a wedge 
were sectioned and its hardness explored one 
would obtain greater than Rockwell C-50 at the 
tip. Hardness drops off as 
the amount of cementite 
decreases and at a critical 
cooling rate midway 
between one giving white 
iron and one giving gray 
iron there is a zone of very 
low hardness (about C-8). 
In this zone, about *4 in. 
from the tip of the wedge, 
the matrix structure is fer- 
rite. The presence of such 
ferrite is very harmful, par- 
ticularly if the iron is to be used for metal-to- 
metal wear, as in a piston ring. At about 114 
in. from the tip the iron is harder (C-14) and 
then softens up to C-9 or 10 at the butt of the 
wedge. 

The precise locations of these various zones 
are somewhat dependent upon the chemical 
analysis; for example, a high carbon, high sili- 
con iron will give a small amount of white iron, 
and gray iron is found at much faster cooling 
rates than with the low carbon and silicon. The 
chemical composition of gray cast irons, how- 
ever, is a much less certain criterion of the 
structure of the iron than would be the chemi- 
cal composition of a steel. The nature of the 
cast iron is profoundly influenced also by such 
things as the nature of the raw materials used, 
the furnace used in melting, the cooling rate, 
and finally the condition of the melt. By “con- 
ditions of melt” is meant the degree of oxida- 
tion or perhaps the gas content. 

Ladle treatment has long been used to 


modify the properties of gray cast irons. It is 
necessary to use only small quantities of ladle 
alloys, quantities insufficient appreciably to 
change the chemical composition. It was 
known many years ago that less than 0.10°° of 
graphite thrown into the ladle would reduce 
the amount of white iron obtained, vet if graph- 
ite were placed in the charge during melting 
there is no such behavior. 
A similar result can also be 
secured by small amounts 
of ferrosilicon. A small 
amount of steel turnings 
has a reverse effect. One 
patented process makes use 
of calcium silicide; this its 
so effective that if used in a 
melt of malleable compo- 
sition, the resulting iron 
will be gray instead of 
white. 

Alloys widely used for ladle treatment are 
carbon and ferro-alloys of silicon, titanium, cal- 
cium, and zirconium. Aluminum is very effec- 
tive but promotes the formation of pinhole 
cavities. Most of these alloys might be looked 
upon as deoxidizers, which do not stabilize the 
carbides. Chromium and vanadium, on_ the 
other hand, are strong deoxidizers but stabilize 
the carbide and hence are unsuited for this pur- 
pose; such materials may be used for their 
alloving effect. 

The trend in modern ladle treatment alloys 
is to balance alloys having this graphitizing 
effect with alloys which are carbide stabilizers; 
for example, an alloy may be compounded of 
calcium, silicon, chromium and manganese. 
With them we obtain not only a reduction of 
chill and hence better machinability in the 
light sections, but also, due to the presence of 
chromium and manganese, an increased sta- 
bility of the pearlitic carbide so that in the 
heavy sections the cementite of the pearlite 


Influence of Ladle Additions on a Common Gray Iron 


TRANSVERSE TENSILE MOopULuUs oF Wuitkt ZONE 
“ION | DEFLECTION, ¢ BRINELL MPACT, 
ADDITION BREAKING STRENGTH ELASTICITY oN CONTROL 
IN. Harpness Fr-La. (a) 
Loan, Lp. Psi. Wepoe, IN. 
None 2145 0.246 33.050 15.625.000 185 27.5 0.40 
0.0264 graphite 2325 0.280 34,675 15,600,000 194 97.5 0.20 
2 Ib. per ton alloy. (b) 2705 0.297 10,700 16,825,000 202 36.0 0.15 
2% steel turnings 2215 0.217 32,975 16,200,000 199 20.0 0.45 


(a) Impact on unnotched bar, 6 in. long, 1 in. diameter. 


(b) Alloy contains titanium, aluminum and silicon; amount used is equivalent to an addition of 0.05% aluminum. 
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Method for Identification of Inclusions in Iron and Steel 


Originated by Wm. Campbell and G. F. Comstock (Proc. A.S.T.M., Vol. 23, p. 521) and 
Modified by C. R. Wohrman, Merrill Scheil and Miss M. Baeyertz 


Polish Specimen Cearetully so as to Preserve Inclusions and Project Magnified 
/mege on Ground Glass by Arc or Equally White light Without Color Screen 


x 
Gray or Black Inclusions [Znclusions of Warm Colors | 
y 
Attacked 


Etch !Omin. with boiling 
a/ka/ine Sodium picrate 


y 
IRON SULPHIDE 
| Unattacked | | (pale yelowish) 


| Etch 10 sec. with nitric acid in alcoho! | 


Etch lOmin. in 20% 
Strongly Attacked | Unattacked ZIRCONIUM NITRIDE 
LIME COMPOUND from Etch S5min. with 10% chromic acid in water [yellow cubes) and 
mold wash (rare) 1 |(5e cerefu/ to observe that the polished Unattacked Inclusions | |Z\RCONIUM SULPHIDE 
‘ surface is wetted by the solution) in high chromium stee/s (tan crystals) 
H 
Weekly Atiscked (slighth pitted or darkened / : | Etch 5min.in boiling 10% KMnQ,, &lightly repolish"| 
COMPOUND OXIDE: either FeO with FeS in solution | x 
(usually accompanied by FeO-FeS EUTECTIC /,or | } Unettacked Attacked 
(b/ Fe0+Mn0 and other OXIDES in solution H CHROMIUM OXIDE (purplish gray by reflected CHROMITE 
Note]: Octeheare/ crystals ere probably MAGNETITE. light, bright green by transmitted light) Cro0z°Fe0, sso- 
Note 2. Both (a/and [b) will be darkened further by 20sec.\ | TITANIUM NITRIDE (ye/ow cubes/ tropic; red to 
sulphur printing (2 %teSQ, in water] and destroyed TITANIUM CYANO-NITRIDE (pinkish; strongly brown by trans- 
by etching with stannous chloride es indicated below | | angulan, easily pitted in polishing) mitted light 
t 
Attacked Unettacked 
FeS-MnS, rich MnS. Note. Resction not always Oecisive. Note color: [1] Very faint pele grey, (2/ Medium or dark grey, 
Any unettacked FeS-Mn§ wil/ be blackened by next treatment and etch Smin. with boiling alkaline sodium picrate 
Y 
Completely Blackened Partly Attacked Unettacked 
Lhe FeS-MnS, MnS below 50% (a/ OXIDE rich in MnO (will be (or pertly attacked in previous treatments) 
(24 FeS-MnS MnS above 50% or destroyed by stannous chloride) etch 10 min. witha saturated solution oF 
OXIDE very rich in MnO (b) SILICATE with some MnO (wi// be stannous chioridle in alcohol 
* Refer to color before etch destroyed by hydrofluoric acid) 
Attacked Unettecked 
. (or previously pitted etch 10min. with 20% 
IRON OXIDE or(/f previously pitted) COMPOUND OXIDE equeous solution of hydrofluoric acid. 
Attacked Unettecked 
SILICATE (if previously pitted presence of Mn is indicated / Repolish and note color and form 
If fine perticles,very Cark color, difficult topolish without /f color not especially dark, easily 
pitting and not elongated Ly hot work is ALUMINA polished smooth without pitting 
M 
Fairly large anguisr fragments, showing changesble bright Smell angular particles, bluish in color probabl 
spots as focus changed,ere SAND GRAINS (in stee/ castings/| | TITANIUM OXIDE (in titanium treated steels/ 


* Nofe: Suitable only 
for stainless stee/s 
Supplementary Tests with clean (unoxidized } 
Jn ell instances check determinations in the light of the evidence of a SUITACES. 
cerefu/ chemice/ enalysis, and, whenever possible, by other methods, such as : 


Sulphur Printing Matweieff§ Tests 
(a) Dilute tartaric acid does not attack OXIDES or SILICATES, 


a 
[for 20 sec. using 8 2% equeous solution of HeSQg4 / 
but colors MnS slightly end FeS decidedly 


(1) Dis 
(2) Partly dissolves (pits) FeO containing FeS end (b) sample in hydrogen et 1600%., OXIDES ere reduced, 
OXIDES of other meta/s in solution ,SILICATES and SULPHIDES are unaffected 
(3) leaves unchanged: IRON SULPHIDE (oa/e ye//iow/, Repolish [b}, etch with dilute Fells in alcohol; if reduced 
pure IRON OXIDE (medium gray/, SILICATES (o@erk gr6y/ oxide particles ere colored deeply they contain some Mn 


Ill Test for Sulphides 
Short etch with 1% picric acid in alcohol, then temper to dark yellow. 
FeS oerk blue to reddish violet, end turns gray to bright white. 
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does not decompose into graphite and ferrite. 
Thus, the light sections are rendered softer and 
more machinable, and the heavier sections are 
rendered stronger. A casting with non-uniform 
section size and hence different rates of cooling 
can be obtained with more nearly uniform 
mechanical characteristics throughout. In addi- 
tion the shape of the graphite can be controlled 
to produce a metal with maximum strength and 
wear resistance. 

At the bottom of page 375 is a table show- 
ing the influence of various ladle treatments on 
a single melt of gray iron melted in a Detroit 
electric furnace and poured into standard trans- 
verse “B” bars. The chemical composition of 
all specimens was 3.100 C, 2.12% Si, and 0.69% 
Mn. Successive ladles of the melt were given 


the treatments indicated. 


Sheet Steel 
By R. S. Burns 


Research Engineer 
The American Rolling Mill C 


HERE IS NO NEED to point out that the 

practice of rolling wide sheet steel in long 
coils on hot strip mills, and its subsequent 
reduction to gage in continuous cold rolling 
mills, has almost entirely superseded the hand- 
mill practice prevalent 20 vears ago. Even as 
recently as 10 years ago a 19-gage sheet 60 in. 
wide was uncommon and the losses connected 
with its manufacture were very high. In those 
days “high finish” sheets were being rolled on 
hand hot mills from 8-in. sheet bar. Such mills 
are now operating only to supplement hot strip 
mills when extra width is demanded, or where 
equipment retirement plans have not vet 
decreed their abandonment. 

From 1928 to the present time it has been 
the problem of the steel mills to give to the 
sheet fabricator — and particularly the automo- 
tive industry—all the wide 
sheets required. It was for- 
merly the practice to make the 
rear quarter of an automobile 
body in a number of stampings, 
such as the upper quarter panel, 
the lower quarter panel, the 
wheelhouse panel, and roof rail, 
which were fastened together in 
various manners, usually by 
welding, and the joints covered 
with decorative trim. 


Present practice is to use wide sheets and 
eliminate as many welds and operations as 
possible, as is evidenced by the single stamping 
now being used for a rear quarter panel. In 
some body works a complete side panel is made 
in one stamping. Fenders once were made in 
two pieces (a crown and apron); they are now 
being made in one piece and include the hood 
ledge and the headlamp section. Another nota- 
ble new use of wide sheets since 1935 is in the 
one-piece drawn steel top. This was pioneered 
by Fisher and is now practically standard equip- 
ment on closed cars. Not many years ago such 
a stamping would have been impossible, both 
from a sheet and a press standpoint. 

Another present-day trend in the automo- 
bile body fabricating industry is toward the use 
of “sheets in coils”, or wide strip coils, in order 
to blank irregular shapes with less scrap loss 
than would be possible from rectangular sheets. 
Parts being made from wide coils now include 
side panels, radiator shells, front and rear fen- 
ders, hood tops, hood sides, and running boards. 

It is general sheet mill practice for mill rep- 
resentatives and metallurgists to work closely 
with body builders, so that any slight adjust- 
ments in sheet production methods can be made 
as the need arises. This enables the mill to 
understand clearly the customer's requirements 
and make changes in processing of material to 
meet specific requirements. In most cases the 
cooperation between the fabricator and the mill 
has been so complete and satisfactory that it 
has been found unnecessary to write restrictive 
specifications covering the physical properties 
and chemistry of the sheets. The main require- 
ment is that the steel should be satisfactory for 
the job insofar as breakage, surface after draw- 
ing, and defective metal are concerned. 

As is frequent where rapid progress has 
been made, the art has preceded the science; 
were it not for the wholehearted cooperation of 
the body fabricators and stamping plants, it is 
doubtful that the development 
of wide drawing sheets would 
be as far along as it is. Installa- 
tion of processing levelers of the 
conventional type, and of the 
Budd-McKay type, has made it 
possible to use sheets having a 
tendency to stretcher strain, 
arising from slight) under-tem- 
pering at the mill or from the 
effects of aging. 


Sheet manufacturers are 
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continuing to meet new requirements and to 
improve present construction. There is much 
work yet to be done in the steel plant and roll- 
ing mill to produce better drawing sheets. By 
the use of killed steels which are free from 
aging (the manufacture of which was developed 
by the American Rolling Mill Co.), sheet users 
are now able to obtain sheets which will not 
only make more difficult stampings but which 
reduce the scrap loss on moderately hard jobs 
to the vanishing point. 


Better Carbon Steels 


By Roy W. Roush 
Chief Metallurgist 
The Timken-Detroit Axle Co. 


~ THE EARLY DAYS of the automotive indus- 
try, when production began to show rapid 
increases, economy with respect to materials 
was a minor consideration. The demand was 
for the best, regardless of the cost, and carbon 
steels gave way to alloy steels in all important 
applications. No doubt, some higher alloy 
steels were used in places where their full value 
was not needed, but their 
increased properties and 
their better response to 
heat treatment made them 
superior to carbon steels. 
Parts could be made 
smaller and lighter, allow- 
ing greater speeds and 
economies in power. 
While in some cases the 
use of alloys covered a 
multitude of sins, the steel 
makers got a higher price 
and took greater care in 
alloy steel making, and 
developed methods and 
processes which gave 
assurance of higher qual- 
ity and greater uniformity. 
Additional work, better 
control in the steel mill and 
the exercising of greater 
care introduced the term “alloy practice”. 

As the industry advanced, as competition 
became keen and as margins of profit became 
narrower, increasing demands for economy 
began to limit the use of expensive alloys. 
Efforts were made to produce the same quality 
by this so-called alloy practice and by improved 


treatment, but with limited amounts of alloy. 
Each year has seen reductions in the amounts, 
and the use of cheaper alloys and combinations. 
Steel costs have been lowered materially in this 
way and the number of important automotive 
uses requiring large quantities of high alloy 
steels is diminishing, 

The past year has seen a concentration of 
effort in steel making toward higher quality and 
lower costs. Strange as it may seem, the results 
shown to date take us a step nearer to the pre- 
diction that alloy steels would give way to car- 
bon steels for a number of important uses. 
We do not, however, have reference to the car- 
bon steels of the early days. The ever-popular 
term, “alloy practice,” is in the picture, together 
with some of the recently developed medicines 
or treatments which have to do with deoxidiz- 
ing the steel. Reference is here made to ladle 
additions of vanadium, titanium and aluminum, 
a treatment which has been developed after 
much investigation of deoxidation methods. It 
is used chiefly on openhearth steels of the 
manganese type (S.A.E. 1300 series) and of the 
straight carbon type. If smaller amounts are 
wanted than a complete heat, single ingots are 

so treated. 
This treatment, which 


is said to be very effective 
in removing oxygen and 
nitrogen, has been proven 
to give much better physi- 
cal properties to such 
steels. Its effect has been 
best in the higher hard- 
ness ranges and seems to 
fade out in the lower 
ranges. It is used on 
structural steels and on 
carburizing grades. The 
actual amount of these 
refining elements found in 
the final product is in the 
neighborhood of 
Manganese and car- 
bon steels which have 
been so treated exhibit 
greater hardenability and 
decidedly increased ductility. They are not only 
fine grained and normal but are very uniform 
in erystalline structure. Impact values and 
fatigue properties are definitely increased in 
some cases doubled. Tests have shown that 
carbon steels after this treatment have impact 
and fatigue properties exceeding those of fine 
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alloy steels. They have higher strength because 
they can be heat treated to a higher hardness. 
They will take a more drastic quench and can 
be used for a number of structural parts as hard 
as 600 Brinell. Torsional fatigue tests, under 
certain conditions, have shown them to be away 
out in front of anything vet tried. Machining 
properties are good, without normalizing. 

A considerable amount of investigation and 
research is being conducted to learn more about 
the nature of this effect and the reasons for such 
very marked increases in physical properties. 
One is reminded of the Swedish steels with their 
great reputations for quality, uniformity and 
endurance. If we remember, their analyses 
showed a similar amount of vanadium. 

This deoxidation method promises to be 
one of the outstanding refinements in steel mak- 
ing and offers possibilities for carbon steels 
beyond what has been realized. While some 
additional testing will be required before final 
and complete recommendations are made, car- 
bon steels so treated have certainly exhibited 
surprising properties and will undoubtedly be 
widely used in applications now requiring the 


best steels. 


Oil Well Casing 


By E. C. Wright 
Chief Metallurgist, National Tube Co 


Il. WELLS have reached depths of 15,000 

ft. and there are now many producing 
wells with depths ranging from 10,000 to 14,000. 
The development of satisfactory pipe to resist 
the conditions existing at such depths for pro- 
ducing oil is a major engineering problem. 

Pipe strings employed in these installations 
must have extremely high physical properties to 
resist the great external and internal formation 
pressures. Joints in the pipe must be leakproof 
at gas pressures as high as 5000 psi. with suffi- 
cient strength to support safely the whole length 


of the heavy pipe string while it is being set. An 
example of a 6°,-in. outside diameter casing 
string set to 13,000 ft. shows that the stress in 
the pipe due to collapse at the bottom of the 
string is 50,000 psi., and the tensile stress in the 
pipe at the derrick floor due to the weight of 
the string is 48,000 psi. The pipe necessary for 
these engineering requirements must be made 
from materials having a yield strength of at 
least 80,000 psi. 

There are several alloying combinations 
used to produce this strength in hot-rolled 
seamless pipe whose physical properties may 
be further enhanced by heat treatment. The 
steel must also have good ductility and tough- 
ness, as after this pipe is finally set it is fre- 
quently subjected to stress from the vibration 
of drill pipe used to deepen the hole; also to 
perforations from 15-caliber bullets in order to 
slot the pipe for oil production from the sur- 
rounding oil sands. 

A bridge engineer would probably not have 
much enthusiasm for a structure subjected to 
repeated dynamic stresses approximating 60°, 
of the vield point. This, however, is common in 
casing installations, as there have even been 
instances where casings had a factor of safety 
against collapse of only one. The high tensile 
fiber stress of 48,000 psi. would be too much for 
an ordinary threaded joint to stand, since suf- 
ficient metal is cut away from the pipe area in 
threading to reduce the strength of the material 
under the threads. This diflicultvy is overcome 
by special upsetting of the ends of the pipe. 
thereby strengthening the ends so the threaded 
joints exhibit a strength which is greater than 
the strength of the body of the pipe itself, 
Therefore, in a deep string such as that 
described above, the pipe joints (at least in the 
upper parts of the string which carry the great- 
est load in tension) would be made of special 
form. This practice has enabled the successful 
landing of these very long strings without fail- 


ures in the joints. 


Page 381 


iy vy 
ay | 
| 
- 
| 
| 
; 


Corrosion Protection by Rust Inhibitors 


By Everett P. Partridge 
Director of Research 
Hal! Laboratories, Inc. 


HE TREMENDOUS URGE of iron in contact 

with water to convert itself into rust has 
occasioned unceasing effort to develop corro- 
sion resistant irons and steels, on the one hand, 
or protective coatings on the other. The latter 
have ranged all the way from electroplated 
deposits and paints of all kinds to those less 
readily visible (but none the less effective) pro- 
tective films produced by chemical treatment of 
the water. In the past, such chemical treatment 
of water to minimize corrosion has involved the 
addition of alkalies such as soda ash or caustic 
soda, or of salts such as sodium chromate or 
sodium silicate either alone or admixed with 
organic materials. During the past year a 
further advance has been made in corrosion 
control by the use of the sodium phosphate 
glass known as sodium hexametaphosphate. 

When present only to the extent of one or 
two parts per million in water, sodium hexa- 
metaphosphate very greatly retards the ordinary 
process of rusting, the rate of corrosion being 
cut down to from 5 to 10° of that which would 
occur in the absence of the inhibitor. While no 
visible coating is produced on the metal surface, 
it is believed that the sodium hexametaphos- 
phate is “plated out” on the surface of the 
metal, forming a film perhaps only of molecu- 
lar dimensions. Its efficacy in minimizing cor- 
rosion has already been demonstrated on a 
practical scale in a number of municipal water 
systems, where “red water” complaints have 
been eliminated. In agreement with extensive 
studies in the laboratory, good results have been 
reported from the field with a natural water 
with a pH value as low as 5.4, as well as with 
more alkaline waters. 

Corrosion control with sodium hexameta- 
phosphate involves a procedure totally different 
from the well-known process of building up a 
visible protective coating on steel by treatment 
in phosphoric acid baths. To maintain protec- 
tion in the new treatment it is necessary that 
the chemical be present substantially continu- 
ously in the water in contact with the metal 
surface. If this requirement is met, the invisi- 
ble protective film is self-healing, the metaphos- 
phate being adsorbed from solution at any point 


where metal becomes exposed. 


Rating of Aircraft Quality Steels 


— Magnaflux Inspection 


By J. B. Johnson 
Chief, Materials Laboratory, Wright Field 


HE TERM “aircraft quality” is receiving con- 

siderable attention at the present time, since 
many producers and fabricators of steel are 
interested in producing aircraft parts in con- 
nection with the armament program, yet it is 
not possible to give it a simple definition. “Air- 
craft quality” implies that the steel has the 
requisites for the fabrication of parts for air- 
planes, engines and accessories of satisfactory 
properties and uniformity. 

The Aeronautical Materials Specifications 
recently published by the Society of Automotive 
Engineers incorporate requirements for chemi- 
‘al composition, grain size, physical properties 
and surface condition, with the additional pro- 
vision that the material must be “aircraft qual- 
itv’, a statement modified by the requirement 
that finished parts are subject to magnetic 
A similar requirement has been 


inspection. 
established for some time in the Air Corps 
Specifications for steel and in the Army-Navy 
Standard Specifications. A practical interpre- 
tation of “aircraft quality” is contained in this 
requirement. 

There is no restriction on the process to 
be used for magnetic inspection, but up _ to 
the present the only process that has proven 
practicable is magnaflux inspection, Other 
processes generally require a uniform cross- 
section and have a much more limited applica- 
tion. Magnaflux inspection will indicate the 
presence of any non-homogeneity in and just 
below the surface, whether it be a fatigue crack, 
grinding crack, seam, lap, or non-metallic inclu- 
sion. The process is quite well known and 
needs no description here; fortunately, also, an 
authoritative book, “Principles of Magnaflux 
Inspection” has just been written by F. B. Doane. 

In the case of “aircraft quality’, magnaflux 
inspection is most useful for the detection of 
non-metallic inclusions. It is on this basis that 
steel is accepted or rejected, yet “aircraft qual- 
itv” for one part is not necessarily the same as 
for another part. If the part is made from a 
forging so that the steel is upset during the fab- 
rication process, the metallurgist may accept a 
steel with a greater number of magnaflux indica- 
tions (inclusions) than if the part is machined 


from the bar without forging — in the former 
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case the inclusions are often broken up; in the 
latter case the inclusions in the original material 
would appear in about the same number and 
distribution in the finished part. 

Since the metallurgist considers inclusions 
as stress-raisers, another consideration enters 
into the definition of “aircraft quality”, and that 
is the character and amount of stress in the 
finished part. For example, “aircraft quality” 
for piston pins requires a steel practically free 
from any non-metallic inclusions, whereas other 
parts might require a steel free from inclusions 
on certain highly-stressed sections, yet tolerate 
their presence in low-stressed sections. For this 
reason, the steel manufacturer is generally 
interested in the parts to be manufactured from 
“aircraft quality” steels, as it often becomes a 
matter of selection and allocation to a par- 
ticular job. 

At the present time there is no established 
standard for the rating of magnaflux indica- 
tions. This has been recognized and a com- 
mittee of the Society of Automotive Engineers 
is now preparing a rating system. This will 
permit metallurgists to understand each other, 
but the decision in regard to the rating for each 
application, and hence the definition of “air- 
craft quality”, will be made on the basis of the 
requirements for each particular design. 


A Classification of 
Important Composite Steel Products 


By Merrill A. Scheil 
Research Engineer 
and the Metallurgical Research Dept 
A. ©. Smith Corp. 


OR SOME TIME, use has been made of com- 

posite materials of integrally bonded hard 
and soft steels of dissimilar composition for 
heavy duty knives, shear and saw blades, and 
lathe tools. Such a combination is desirable 
where a working edge or surface of hard, wear 
resistant material is required, backed up by a 
mild steel which incorporates improved shock 
resistance to the composite tool. The cutting 
edge may also be a hard non-ferrous alloy or a 
sintered carbide. 

Today, certain types of composite steels are 
also recognized as important materials of con- 
struction for processing equipment used in the 
chemical, food, paper, and petroleum industries. 
In such applications equipment must be fabri- 
cated from a material having favorable corro- 
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sion resisting properties and adequate strength 
under operating conditions which frequently 
involve high temperatures. Alloys are available 
which possess these combined qualities but their 
cost frequently prohibits their use in solid con- 
struction. A composite plate made up of a mild 
steel base which furnishes the strength to 
meet design requirements, effectively clad with 
a moderate thickness of corrosion § resistant 
metal, offers an economical solution. Corrosive 
conditions encountered in the various indus- 
tries mentioned above have prompted the use 
of stainless steel alloys, commercially pure non- 
ferrous metals, and non-ferrous alloys for 
claddings on mild steel base. 

Steel-backed bearing shells come into this 
same general classification; the steel for strength 
and stiffness, the babbitt, bronze or other lining 
for its anti-friction properties. 

A number of processes have been devel- 
oped to manufacture such composite materials. 
Each process may be identified by its method of 
effecting the bond between the two metals. <A 
classification of the commercially important 
composite metals, with respect to the method 
of effecting the bond, is listed below. The list 
makes no pretense to cover the entire field of 
metals, ferrous and non-ferrous, or all the pos- 
sibilities of making joints or unions, but is 
thought to include the important variations of 
composite steels. 

A — Casting On 

A-1. Composite toolsteel stock is made by casting 
a high carbon steel around a mild steel ingot 
prior to rolling, thus effectively bonding a cut- 
ting edge or wear resisting surface to the base. 

Composite steels — Crucible Steel Co. 

A-2. Copper clad stock is made by casting copper 
around a steel bar. The composite bar is rolled 
to rod and drawn to wire or a composite ingot 
rolled to sheet or plate. 

Copper Clad wire, rod — Copperweld Steel Co. 

Sheet and Plate — Clad Metals Industries 

Republic Steel Corp. 

A-3. A stainless clad steel is made by casting mild 
steel around an assembly of stainless steel plates 
separated by insulating material and edge 
welded. The assembly is rolled and separated. 

Ingaclad Ingersoll Steel & Dise Div. of Borg- 

Warner Corp. 

A-4. Steel-backed bearings are made by continu- 
ous casting of a layer of babbitt or other bearing 
metal on a tinned strip of steel, or by centrifugal 
casting inside a tube. 

Continuous — Cleveland Graphite Bronze Co 

Centrifugal Wilcox-Rich Co. and others 

(Continued on page 394) 
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Chromium Steels 
From 2 to 16% Chromium 


By H. D. Newell 
Chief Metallurgist 
The Babcock & Wilcox Tube Co 


SE of the low carbon chromium steels con- 

taining between 2°¢ and 16% chromium con- 
tinues, particularly for oil refining and power 
generation, where resistance to corrosion or 
oxidation and tensile properties at elevated 
temperatures are of primary importance. The 
oil refining industry has been a_ particularly 
large consumer of seamless tubes for stills and 
piping, and castings for headers, valves and 
other parts. In steam boiler work when steam 
temperatures exceed about 900° F. these chro- 
mium steels are used for superheater tubes and 
headers. The commercially important chro- 
mium steels for such application usually con- 
tain 0.40 to 1.50% molybdenum to assist creep 
strength and reduce tendency toward embrittle- 
ment when cold. 

Much time and effort has been expended in 
developing suitable steel compositions for the 
variety of service conditions; in consequence, 
an inordinate number of steels have appeared. 
In fact, a recent survey showed a total of 38 
modifications in the group of tube steels avail- 
able between plain carbon and 9° chromium. 
Many of these contained incremental variations 
of chromium content (in some cases as little as 
0.25°), and many were available in high or low 
silicon content, with aluminum, or with varia- 
ble molybdenum. This confused engineers 
attempting to evaluate steels at a given chro- 
mium level for maximum economy or appro- 
priateness for a particular set of conditions. 
Further, it complicated manufacturing and 
warehousing, especially where small lot orders 
were received. Many of these steels were inter- 


changeable insofar as service performance of 
tubes was concerned. 

Having been long connected with develop- 
ment of steels of this type, the writer examined 
manufacturing records to separate the popular 
steels from the obsolete or little used varieties. 
It was found that eight or ten steels would ade- 
quately cover most of the common applications 
and, so far as our own company’s activities were 
concerned, the list could be effectively reduced 
and standardized. Feeling that such a stand- 
ardization would be of advantage to both con- 
sumer and manufacturer, it was discussed with 
other manufacturers of tubing, after which the 
tentative list shown as No. 1 to 17 in the table 
on page 385 was drawn up, to be later re-exam- 
ined and possibly further reduced in number 
as conditions warrant. Standardization of the 
12°¢ chromium and higher stainless steels for 
tubing is also in progress, so as to have these 
analyses conform as closely as tube manufac- 
turing operations will permit to American Iron 
and Steel Institute code numbers. The proposed 
list, already adopted by two tube makers, is as 
given in the lower part of the table. 

This effort is parallel to a movement 
throughout the steel industry, through the aus- 
pices of the Iron and Steel Institute, to make up 
a list of “significant steels”. This would not be 
intended to throttle development of better or 
cheaper materials but it would require that new 
steels earn themselves a place on the “signifi- 
cant” list. The list of tube steels given here 
may be considered a preliminary step in arriv- 
ing at a list of “significant” wrought tube steels 
for use in the specialized field of high tempera- 
ture. It should assist in making selection for a 
given application easier, facilitate manufactur- 
ing procedure and result in eventual reduction 
in cost and be of general assistance to specifi- 
cation writing bodies. Furthermore, it will expe- 
dite deliveries in emergencies when electric steel 
production is taxed by the defense program. 

With regard to specific developments within 
the recent past, attention may be called to the 
expanding use of a low alloy, highly creep 
resistant steel containing 2.25% chromium, 1% 
molybdenum. This alloy steel is being widely 
employed for temperature-pressure work where 
moderate resistance to corrosion suflices. A 
recently introduced 7% chromium, 0.50% 
molybdenum, 1% max. silicon steel is supplant- 
ing 5% chromium-molybdenum steel in certain 
oil refinery operations where corrosive stocks 
are handled; service reports indicate a very 
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considerable increase in resistance to corrosion 
for a nominal increase in cost. 

Low carbon 12% chromium steel, occa- 
sionally with 0.50% molybdenum, continues to 
be the most widely used lining for pressure 
vessels. Linings may be attached to the steel 
shell by a variety of welding methods, either 
completely bonded or locally attached. In some 
few instances, 5 chromium-molybdenum (and 
even 18-8 for the more corrosive conditions) 
is selected as the liner material. Nozzle liners 
may be 15 to 16% chromium-iron. Bubble caps 
and trays may be 5° chromium-molybdenum, 
chromium or 18-8, depending on the 
expected severity of corrosion. In steam super- 
heater construction, various chromium-molyb- 
denum steels may be employed. Methods of 
welding these air hardening steels have been 


evolved so that composite construction can be 


had with the higher alloy tubes toward the out- 
let and the lower alloy toward the inlet side. 

Progress in the oil refining industry in 
polymerization and alkylation of fuel blending 
agents and aviation gasolines, vapor phase 
cracking for aromatic compounds, catalytic 
conversion of hydrocarbons involving periods 
of reduction and oxidation during conversion 
and reactivation of the catalyst, and the recent 
announcements relating to the production of 
svnthetic rubbers are indicative that continued 
use will be found for these chromium steels 
both in wrought and cast forms. Perhaps new 
compositions will ultimately find their way to 
the “significant” list to satisfy the demands of 
these new processes. In any event, research 
and progress will continue unabated in manu- 
facturing and applying these materials to indus- 


trial processes. 


Simplified List of Electric Furnace Steels for Seamless Tubes for Service at High Temperature i= 
No. GRADE Cannon Manoanese MAXIM Curomium MoLyrpeENUM OTHERS 
PaANDS 
Carbon Steels, Low and Intermediate Alloy Steels al 
1 Carbon steel 0.10 to 0.20,0.30 to 0.60 (b) 0.25 a: 
(Killed, openhearth) 
2 (a) C-Mo 0.10 to 0.20 0.30 to 0.60 (b) 0.10 to 0.50 0.45 to 0.65 Al 
38¢a) 1 Cr, 0.50 Mo 0.15 max. 0.30to0 0.60 0.040 0.30 max. 0.80 to 1.10 0.45 to 0.65 
4a) 1.25 Cr, 0.50 Mo, 0.75 Si 0.15 max. 0.3010 0.60 0.030 0.50 to 1.00 1.00 to 1.50 0.45 to 0.65 i 
5 1.75 Cr, 0.70 Mo 0.15 max. 0.40 to 0.60 0.030 0.45 to 0.75 1.50 to 2.00 0.60 to 0.80 Xe 
6 2.00 Cr, 0.50 Mo 0.15 max. 0.30 to 0.60 0.030 0.50 max. (1.75 to 2.25 0.45 to 0.65 a 
7 2.25 Cr, 1.00 Mo 0.15 max. 0.30to00.60 0.030 0.50 max. 2.00 to 2.50 0.90 to 1.10 o 
8 3 Cr, 0.50 Mo, 1.25 Si 0.15 max. 0.50 max. 0.030 1.00 to 1.40 2.75 to 3.25 0.45 to 0.65 9 
i) 3 Cr, 0.90 Mo 0.15 max. 0.30t0 0.60 0.030 0.50 max. 2.75 to 3.25 0.80 to 1.00 ar 
10 5 Cr, 0.50 Mo 0.15 max. 0.50max. 0.030 0.50 max. 4.00 to 6.00 0.45 to 0.65 |) 
11 » Cr, 0.50 Mo, 1.5 Si 0.15 max. 0.50 max. 0.030 — 1.00 to 2.00 4.00 to 6.00 0.45 to 0.65 a Zz 
12 5 Cr, 0.50 Mo, 0.45 Ti 0.10 max. 0.50 max. 0.030 0.50 max. 4.00 to 6.00 0.4510 0.65 Ti, 0.35 to 0.60 1 
13 7 Cr, 0.50 Mo 0.15 max. 0.50 max. 0.030 0.50 to 1.00 6.00 to 8.00 0.45 to 0.65 | a 
14 7 Cr, 1.00 Mo 0.15 max. (0.50 max. 0.030 0.50 to 1.00 6.00 to 8.00 0.90 to 1.10 - 

15 8 Cr, 1.00 Mo 0.15 max. (0.50 max. 0.030 1.00 max. 7.00 to 9.00 0.90 to 1.10 b 

16 9 Cr, 1.00 Mo 0.15 max. 0.50 max. 0.030 0.50 to 1.00 8.00 to 10.0 0.90 to 1.10 g 
17 9 Cr, 1.35 Mo 0.15 max. 0.50 max. 0.030 0.50 max. (8.00 to 10.0 1.20 to 1.50 ‘eo 
High Chromium-Nickel Stainless Steels 
304 18-8 < 0.08 (ce) (2.00 max. 0.025 0.75 max. (18.0 to 20.0 8.0 to 11.0 

308 20-10 <0.08 (c) 2.00 max, 0.025 0.75 max. 19.0 to 22.0 10.0 to 12.0 a 
310) | 25-26 < 0.15 2.00 max. 0.025 0.75 max. 24.0 to 26.0 19.0 to 21.0 
316 | 16-13-3 <0.10 (ce) 2.00 max. 0.025 (0.75 max. 16.0 to 18.0 11.0 to 14.0 Mo, 2.0 to 3.0 
317. -:18-13-3 <0.10 | 2.00 max. 0.025 0.75 max. 18.0 to 20.0 11.0 to 14.0 Mo, 3.0 to 4.0 
321 18-8-Ti <0.10 |2.00 max. 0.025 0.75 max. 17.0 to 20.0 9.0to 12.0. Ti 4 C. min. 
347 18-8-Cb <0.10 (ce) | 2.00 max. 0.025 (0.75 max. 17.0 to 20.0 9.0 to 12.0 Cb C. min. 
High Chromium-Iron Stainless Alloys 

410 12 0.15 max. 0.75 max. 0.025 0.75 max. |12.0 to 14.0 0.50 max. aa = 

418 12-3W 0.15 max. 0.75 max. 0.025 0.75 mux. 12.0 to 14.0 0.50 max. W, 2.0 to 3.5 * 
430 18 0.12 max. (0.75 max. 0.025 (0.75 max. |15.0 to 18.0 (d) 0.50 max. As. 
442 | 22 0.15 max. 1.00 max. 0.025 (0.75 max. 20.0 to 23.0 1.00 max. 
446 27 0.20 max, (1.50 max. 0.025 0.75 max. 26.0 to 30.0 1.00 max. co 
Notes: (a) In either openhearth or electric furnace qualities as specified. o 

(b) Phosphorus 0.040% max., sulphur 0.045% max. « 

(c) May also be specified with 0.07% max. carbon. a 

(d) May be obtained in a restricted range of 15.0 to 16.0¢ chromium. a 
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NICKEL 
Adding STEELS 


1—IMPROVES mechanical properties 
2—SIMPLIFIES fabricating problems 


PERMISSIBLE COMPRESSIVE STRESSES ON ENGAGED GEAR TEETH 


NICKEL ALLOY STEELS PERMISSIBLE 
Direct Hardening 3150, 4640,4650,etc. =| 170,000 Ib./sq. in. 
Carburizing 3115, 3120 180,000 Ib./sq. in. 
Carburizing 2315, 2320, 4615,4620 200,000 Ib./sq. in. 
Carburizing 3312, 4815,4820,2515 | 215,000 Ib./sq.in. 
stresses calculated from Hertz formula. These valves are for inter- 


mittently loaded gears and should be reduced 20/25% for constant mesh loading, 


Choosing the most suitable gear steel de- 
pends upon getting mechanical properties 
to safely meet service requirements. But of 
equal importance are fabricating properties 
... uniform response to heat treatment with 
minimum distortion and freedom from 
cracking, plus economical machining. To- 
day’s higher speeds and heavier tooth load- 
ings emphasize the advantages of specifying 
direct hardening and carburizing gear steels 
alloyed with Nickel... Nickel alone or in 
combination. 


Hollow quill shaft with integral gear and 
splines, pictured at left, must be resilient to 
absorb torque of 500 HP Ranger aircraft 
engine. To maintain tooth contours and re- 
sist fatigue stresses this vital shaft is forged 
from 314% Nickel, 144% chromium steel, 


SAE 3340. 


Strong, tough and wear-resistant, headstock gears 
in Monarch lathes are 312% Nickel steel, SAE 2350. 


THE INTERNATIONAL NICKEL COMPANY, INC. new'vorx. w. v. 
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Nickel Steels and lrons 


By John W. Sands 


Development and Research Dept. 
International Nickel Co. 


ITH PRODUCTION being stepped up 

throughout industry, the strong trend 
towards the wider uses of existing alloys and 
the development of new materials, so evident 
in the past decade and a half, is now gaining 
tremendous strength. All alloys — ferrous and 
non-ferrous — are involved. 

For instance, the nickel-copper alloy steels, 
recently developed commercially and sponsored 
as proprietary products by many steel makers, 
are rapidly extending their markets in the trans- 
portation field, and are finding an extensive use 
for drill pipe and other applications in the 
petroleum industry. They have better fatigue 
properties and improved corrosion resistance 
than the materials they are replacing. Excel- 
lent welding qualities are a factor augmenting 
the use of low carbon nickel alloy steels, par- 
ticularly for low temperature service in petro- 
leum refining and domestic gas generating and 
handling equipment. 

There is also an increased interest in the 
higher alloyed steels containing as much as 
b4o to 5% nickel, interest especially shown in 
the chemical and process industries. A case in 
point is the large quantities of 5° nickel steel 
tubing which have been installed in black liquor 
evaporators in paper mills. 

Pronounced activity in the aircraft industry 
is bringing about increased use of the high 
strength, low alloy, heat treated steels for their 
structural parts. These include tubing for 
engine mounts and landing gears, propeller 
blades, shafts and hubs, blade nuts, bolts, gears, 
and connecting rods. 

Automotive and aviation 
production is adopting more 
nickel-chromium-molybdenum 
steel for stressed parts to be 
intricately machined after heat 
treatment to 450 Brinell, once 
considered impractical. This 
is receiving increased attention 
from industry and has served 
to simplify heat treating and 
machining practice by elimi- 
nating distortion as a factor to 
be considered and by generally 
improving dimensional accu- 
racy of the finished parts. 


Applications so far have been largely confined 
to S.A.E. nickel-chromium-molybdenum 
steel and include truck axle shafts, aircraft 
gears, propellers and spiders, crankshafts, 
undercarriage parts, and engine-mount fittings. 
Alloy cast irons — With more than 10 years’ 
experience behind them in. the production of 
alloyed cast irons, foundrymen have made 
marked progress in large volume production. 
Increased knowledge and improved tech- 
nique in the production of these irons have 
enabled them not only to develop high standards 
of quality, but have also to meet increasingly 
rigid specifications. Thus, the manufacturer of 
high quality equipment is able to depend on 
thoroughly reliable suppliers. The builders of 
machine tools are outstanding examples; with 
a heavy demand for their products they are 
still able to deliver high quality without being 
delayed by lack of information or experience in 
the handling of complex alloyed cast irons. 
For large forming dies, the aircraft industry 
has adopted the same specifications of nickel- 
chromium irons utilized for automobile bodies. 


Titanium in Steel and lron 


By George F. Comstock 


Metallurgist, The Titanium Alloy Manufacturing Co. 


= DEVELOPMENT which has aroused the 

greatest interest in titanium, as applied to 
steel production, during the past year, is prob- 
ably the announcement of the “Grainal” alloys 

complex deoxidizers containing aluminum, 
titanium, and generally a hardening agent such 
as vanadium. The titanium is found to protect 
and intensify the hardening effect of the more 
expensive vanadium in these alloys, so that 
smaller additions of that element are effective. 
With the characteristics of a 
fine-grained metal imparted 
by deoxidation with alumi- 
num and titanium, steels 
treated in this way are found 
to have a specially desirable 
combination of strength and 
ductility, together with hard- 
ness, When quenched and 
drawn. This treatment is 
chiefly applied to the forging 
steels containing about 040% 
carbon and 1.80°° manganese 
jas is noted in the article by 
Mr. Roush on page 379 of this 


issue}. 
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In steel castings the use of about 5 Ib. of 
high carbon ferrotitanium per ton continues to 
be fairly general practice in the intermediate 
manganese grade, this treatment having been 
found to give a better combination of strength, 
ductility, and impact value than either stronger 
or weaker deoxidation in that grade of steel. 

The largest use of titanium in steel contin- 
ues to be the treatment of rimming steel in the 
ladle with small additions of the high or 
medium carbon alloy, for improving the rim- 
ming action in the molds so as to produce thick- 
skinned ingots that roll better without cracking. 
Ferro-carbon-titanium continues to be used 
widely in killed steels also, for such purposes 
as to secure better distribution of sulphides, 
greater uniformity and cleanness in fine-grained 
steels, and less chipping cost due to seams. 

In heat resisting steels, especially the highly 
alloved cast grades, final deoxidation with a 
high-grade low carbon, low aluminum ferro- 
titanium is becoming a more general practice, 
not only for thorough degasification and scav- 
enging, but also for refining the dendritic crys- 
tallization structure. In the 4 to 6° chromium 
steels, which are so widely used 
for heat resisting tubes, the 
advantages of a titanium con- 
tent have recently been more 
clearly described by Hasarr in 
April Merat Progress. These 
include not only the reduction 
or elimination of air harden- 
ing on rapid cooling, but also 
marked improvements in long- 
time resistance to scale loss 
and pitting at 1600 to 1650° F., 
and in impact value after 
annealing. 

In lower chromium steels that are so pop- 
ular for thin-walled airplane tubing, the advan- 
tages of small titanium contents for improving 
weldability have been reported by the present 
writer in Metals and Alloys for July. It is also 
interesting to note the expanding use of various 
titanium alloys, such as manganese-titanium 
and nickel-titanium, in powder form as ingre- 
dients of welding rod coatings, for deoxidation, 
cleaning, and grain refining the metal in fusion 
welds of steel. 

An interesting new development in the use 
of titanium in cast iron is the discovery by 
Jominy of its value, in somewhat more than 
the usual percentages, for improving the wear 


resistance of cylinder liners in internal com- 
bustion engines. This has been the subject of 
two recent patents. The chief commercial use 
of titanium in cast iron continues at present, 
however, to be for deoxidation, grain refine- 
ment, and graphitizing—the high carbon 
ferrotitanium being most used in electric melted 
cast iron, and a low carbon, ferro-silicon- 


titanium for iron melted in cupolas. 


Vanadium in Steel 


Ry Jerome Strau 
Vice-President 


Vanadium Corp. of America 


ERY BROADLY, vanadium serves industry 

in two groups of ferrous metallurgical 
products toolsteels and constructional steels, 
using “constructional” in broad sense to 
include the construction of machinery and 
equipment of all sorts. 

In the former, no strikingly new products 
or processes have appeared during the past 
vear, but significant progress has been made in 
the fabrication and use of the 
high speed steels of higher 
vanadium content. As has been 
pointed out by many writers, 
there has been a constant trend 
in the vanadium content of 
high speed toolsteels from the 
0.25°° of 30 or more years ago, 
to the present 144% of the 
so-called 18-4-1 standard steel 
and the 2 to 4% of the mod- 
ern heavy duty steels. Only 
recently, however, has there 
been full appreciation of the 
need of a considerably higher carbon in the lat- 
ter so as to use the vanadium most effectively 
in producing maximum cutting capacity. This 
entailed originally some fabricating difliculties, 
but as these are being ironed out, wider and 
wider use is being made of the new composi- 
tions, utilizing to the fullest extent the capacity 
of modern machine tools. 

The effectiveness of very small amounts of 
vanadium in constructional steels subjected to 
the most severe service (and the influence of 
such small additions toward regularity of per- 
formance, ton after ton and heat after heat, 
which still accounts for the widespread use of 
chromium-vanadium spring steel in railway, 
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Toolsteels Classified by Wear-Toughness Rati 


By Harold B. Chambers (See Metal Progress, June 1940, for Its Use as a Tool Selector) 


and decreasing 


Each of the three groups arranged in order of increasing toughness 


wear 


resistance. 


Figures 


indicated as 


max. 


are 


optional and may be present up to amount noted. Since the dif- 
ference in relative wear-toughness capacities of adjacent classes is 


small to negligible, the many brands covered by eax 
class may be expected to give competitive performan: 
except when highly standardized operating conditio; 
require that consideration be given to the footnot: 


MOLYB- 


CLASS CONVENTIONAL Type NAMES CARBON MANGANESE SILICON TUNGSTEN CHROMIUM VANADIUM DENUM COBALT NICKEL 
Water Hardening Steels 
1A (Tungsten finishing 1.25-1.50 0.15-0.35 0.15-0.50 2.50- 6.00 1.80max. 0.30max. 0.50 max. 
1B Carbon orcarbon-vanadium 1.30-1.45 0.15-0.35 0.15-0.35 0.35 max. 0.30 max. 
2A High carbon, low tungsten 1.10-1.30 0.15-0.35 0.15-0.35 1.00- 2.50 0.35 max. 0.30 max. 
2B Low chromium or 1.10-1.30 0.15-0.35 0.15-0.35 0.10- 1.20 0.30 max. 
chrome-vanadium 
2C Carbonorcarbon-vanadium 1.10-1.30 0.15-0.35 0.15-0.35 0.30 max. 
3A High carbon, low tungsten 0.90-1.10 0.15-0.35 0.15-0.35 1.00- 2.50 0.75 max. 0.30 max. 
3B Low chromium or 0.90-1.10 0.15-0.35 0.15-0.35 0.10- 1.50 0.30 max. 
chrome-vanadium 
3C Carbonorcarbon-vanadium 0.90-1.10 0.15-0.35 0.15-0.50 0.50 max. 
4A Chrome-molybdenum or 0.55-0.90 0.15-0.35 0.15-0.35 0.40- 1.20 0.35 max. 0.25 max. 0.50 max. 
chrome-vanadium 
4B Carbonorcarbon-vanadium 0.70-0.90 0.15-0.35 0.15-0.35 0.30 max. 
Silico-manganese or 0.45-0.75 0.35-1.00 0.75-2.25 0.60 max. 0.35 max. 0.60 max. 
silico-molybdenum 
Oil Hardening and Air Hardening Steels (Tools of Intricate Design) 
5A Highcarbon,highchromium  1.80-2.50 0.15-1.20 | 0.15-1.00 | 2.00 max. 10.50-14.00 1.25max. 0.30max. 1.00max. 1.00 max. 
5B Highcarbon,highchromium 1.80-2.40 0.15-0.60  0.15-0.50 10.50-14.00 1.20max. 0.70- 1.00 0.60 max. 
5C 1.30-1.70 0.15-0.60  0.15-0.50 10.50-14.00 120max. 0.50- 1.25 400 max. 1.00 max. 
5D Highcarbon,highchromium 0.90-1.30 0.15-1.20 0.15-1.00 4.50-13.00 0.75 max. 0.70- 1.25 0.60 max. 
6A Chrome-molybdenum 1.10-130 0.35-0.95 0.15-0.35 0.40- 1.75 0.25- 0.75 
6B High carbon, low tungsten 1.10-1.30 0.15-0.70 0.15-0.35 1.00- 2.50 0.35- 1.25 0.30 max. 
6C Low chromium or 1.10-1.30 0.35-0.70 0.15-0.35 0.40- 1.50 0.30 max. 
chrome-vanadium 
7A Chromium non-deforming 0.90-1.10 | 0.35-1.10 0.15-0.50 | 1.10max. 0.90- 1.60 0.30 max. 0.50 max. 
7B Manganese non-deforming 0.80-1.10  0.85-1.80 0.15-0.50 | 0.70max. 0.90max. 0.30max. 0.35 max. 
8A Low tungsten-chromium 0.40-065 0.15-0.35 0.15-1.50 | 0.75- 3.00 0.50- 2.00 0.50max. 0.35 max. 
8B Chrome-nickel or chrome-  0.50-0.80 0.35-0.90 0.15-0.35 0.50- 1.25 030max. 0.80 max. 1.00-2.50 
nickel-molybdenum 
8C Chrome-molybdenum, 0.50-0.90 0.35-0.90  0.15-0.50 1.20 max. 0.35 max. 0.40 max. 0.50 max. 
chrome-vanadium, or 
manganese-molybdenum 
Silico-molybdenum 0.45-0.60 0.35-1.25 | 0.75-2.25 0.20max. 0.75 max. 0.60max. 0.15- 2.00 
High Speed (H.S.) Steels and Hot Work (H.W.) Steels (Tools Which Heat Up) 
9A (Tungsten-cobalt high speed 0.70-0.90 0.15-0.35 0.15-0.35 18.00-23.00 3.50- 4.75) 1.25-2.50 1.25max. 9.00-15.00 
9B Tungsten-cobalt high speed 0.65-0.90 0.15-0.35 | 0.15-0.35 17.00-21.00 3.50- 4.75 1.25-250 1.25max. 5,.00- 9.00 
9C Molybdenum-cobalt H.S. 0.75-0.90 0.15-0.35 | 0.15-0.35 2.00 max. 3.50- 4.75 1.25-2.50 7.00-10.00| 3.00- 8.00 
9D (Tungsten-cobalt high speed 0.65-0.80 0.15-0.35 0.15-0.35 17.00-20.00 3.50- 4.75 0.75-1.50 | 1.00 max. 2.00- 5.00 
9E (|Tungsten-cobalt high speed 0.65-0.85 0.15-0.35 0.15-0.35 12.00-15.00 3.50- 4.75 1.50-225 0.75 max. 3.00- 8.00 
10A 18-4-4and18-4-3 highspeed 0.90-1.30 0.15-0.35 0.15-0.50 | 17.00-19.00 3.50- 4.75 2.50-4.00 1.00 max. 
10B_18-4-2 high speed 0.75-0.90 0.15-0.35 0.15-0.50 | 17.00-19.00 3.50- 4.75 1.50-2.50 1.00 max. 
10C_ (18-4-1 high speed 0.55-0.80 0.15-0.35  0.15-0.75 | 16.00-21.00 3.50- 4.75 0.50-1.50 
10D Molybdenum-tungsten 0.70-1.30 0.15-0.35 0.15-035 5.00- 6.50 3.50- 4.75 1.25-4.00 4.00- 6.50 
H.S.* 
10E Molybdenum-vanadium 0.70-1.30 0.15-0.35 0.15-0.35 3.50- 4.75 1.50-4.00  7.00- 9.00 
H.S.* 
10F Molybdenum-tungsten H.S. 0.65-0.85 0.15-0.35 0.15-0.35 1.00- 2.50 3.50- 4.75 0.75-1.50  6.00- 9.50 
10G highspeed 0.55-0.80 0.15-0.35 0.15-0.35 13.00-15.00 3.50- 4.75 0.75-2.25 
11A_ |Low carbon high speed 0.45-0.60  0.15-0.35 | 0.15-0.35 16.00-19.00 3.00- 4.50 0.50-1.25 
11B High tungsten hot work 0.25-0.60 0.15-0.35 0.15-0.35 12.00-16.00 2.50- 450 0.30-0.60 
11C (Tungsten hot work 0.25-0.50 0.15-0.35 0.15-0.35 | 8.00-12.00 1.25- 3.50 060max. 0.30 max. 2.25 max. 
11D |Tungsten-chromium H.W. 0.30-0.60 0.15-0.75 0.35-1.50 4.00- 7.50 4.50- 7.50 060max. 050max. 060max. 9.50 max. 
12A_ (Low tungsten-chromium 0.40-0.65 0.15-0.35 0.15-1.00  1.50- 3.00 0.75- 2.00 0.50 max. 0.35 max. 
H.W. 
12B Chrome-molybdenum H.W. 0.30-0.50 0.15-1.25  0.80-1.10 125 max. 4.00- 7.50 050max. 0.45- 1.75; 0.60 max. 1.75 max. 
12C Chrome-molybdenum H.W. 0.40-1.00  0.15-0.75 0.15-0.75 2.25- 4.50 1.00 max. 0.80 max. 
~*~ or chromium hot work 
12D Chrome-nickel hot work or 0.30-0.60 0.35-0.80 0.15-0.35 0.50- 2.50 0.30max. 1.00 max. 1.25-5.00 


chrome-nickel- 
molybdenum hot work 


A. Wear resistance increases and toughness decreases as 


carbon content increases. 


Hardenability increases, wear resistance increases and 


toughness decreases as total alloy content increases. 


and toughness decreases as 


Hardenability increases, wear resistance increases, tough- 
ness decreases, movement in hardening decreases, and 
tendency for soft spots in hardening decreases as 


B. Wear resistance increases 
tungsten content increases. 
C. 
chromium content increases. 
D. 


Some special applications (silverware striking dies, cer- 
tain header dies, etc.) may occasionally require extra 
penetration of hardness, which may be produced by 
adjusting manganese and silicon contents. 


Machining difficulties increase as total alloy content 
increases. 

Red hardness properties increase and toughness de- 
creases as cobalt content increases. 

Red hardness properties increase and toughness de- 
creases as total alloy content increases. 

Water cooling surface in operation, particularly when 
intermittent, tends to promote heat checking approxi- 
mately in proportion to tungsten content. 


*Relative position based on lower carbon ranges only. 


A,G,H 
A,G,.H 
A,G,H 
A.G,.H 
A,G,H 
A,H 
AH 
A,H 
A,H 


A,H 


A,H 
A.H,I 
A,H,I 
A.H,I 
A,H 


A.H 


A.H 
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bus. and truck operation) has now been felt in 
many items of ordnance. Vanadium is likewise 
almost an universal constituent of heavy forg- 
ings of high strength, such as turbine shafts and 
the like, because its benefits show up so regu- 
larly in high transverse ductility. 

In discussing regularity of properties and 
performance, one should refer back to the 
Review Number of Merat ProGress of October 
1939 in which JouN CurpManN in his most read- 
able contribution on “Refining Methods” refers 
to progress in “research on the basic principles 
underlying steel making methods and in mak- 
ing available to the steel maker new informa- 
tion, new aids in the control of his process, new 
kinds of equipment which will enable him to do 
a better job.”. Among these * 
be made of the group of steel-making alloys 
announced during the past year under the 
generic name of “Grainal”’, primarily vanadium- 
titanium-aluminum ferro-alloys, which serve 


‘aids” mention may 


not only to increase the hardening capacity of 
ferritic constructional steels of a given chemical 
composition, but also to reduce the variability 
in successive heats of a given composition. 

This property of hardenability (now known 
to be one of the vital distinguishing character- 
istics that makes its presence known in the 
much-discussed differences between heats of 
like ordinary chemical composition in respect 
to their reaction to thermal treatment, mechani- 
cal working and other forms of fabrication) 
may now be subjected to more effective use. 
The application of these alloys to steel making 
has done much to point a way to Dr. CuipMan’s 
“narrower groove of smaller deviations”, in 
addition to making steels capable of full hard- 
ening in somewhat heavier sections and impart- 
ing to them greatly increased ductility in the 
quenched and tempered condition, especially at 
high hardnesses. They are just one more step 


toward improved productivity. 


Molybdenum Steels and Irons 


By Alvin J. Herzig 
Chief Metallurgist 
Climax Molybdenum Co. of Michigan 


SUMMARY of recent metallurgical devel- 

opments involving molybdenum steels and 
irons, even if discussion is confined to inter- 
esting happenings and to new alloys and 
expanding uses of molybdenum as they touch 
upon iron and steel production, would be an 
extended article. Alloying elements like 
molybdenum may express their presence, either 
directly or indirectly, in the engineering prop- 
erties attainable by the selection of a proper 
steel composition and heat treatment. Such 
alloying elements may also be as important if 
they are regarded solely from the standpoint of 
their influence on mill, foundry and shop oper- 
ations and product design. 

For the purpose of this discussion, a brief 
review of some developments observed during 
the past vear that may have a bearing on pres- 
ent and future applications for molybdenum 
steel and molybdenum cast iron will be given. 
While discussion or even mention here should 
not be interpreted as necessarily establishing a 
definite trend, the following new or extended 
applications appear to have more than passing 
significance : 

As might be expected, the airplane indus- 
try has seen some striking metallurgical 
advances during the year, many of which 
involve the use of molybdenum. The estab- 
lished use of S.A.E. X-4130 for structural parts 
has been extended, and at least one producer is 
using a composition which would correspond to 
S.A.E. 4330 for propellers. Another manufac- 
turer reports the development of a satisfactory 
welding technique and is specifying S.A.E. 4540 
tubing for engine mounts; high tensile and 
fatigue strength are available in this steel. 

Three new airplane steels containing molyb- 
denum have entered the field since a vear ago. 
A 3% chromium steel with molybdenum can be 
nitrided and shows minimum sensitivity to mass 
effect; this was introduced from England and 
has been successfully used for crankshafts. 
Another nitriding steel containing chromium, 
molybdenum and nickel (but no aluminum) is 
also being specified by aircraft producers. In 
addition, a steel containing 2° chromium with 
0.50 molybdenum has been used with success 
for cylinder liners for aircraft engines. 
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The extensive modernization and locomo- 
tive rebalancing programs undertaken by 
American railroads have had an appreciable 
influence on the demand for molybdenum 
steels. The use of nickel-chromium-molybde- 
num rods, pistons, axles, shafts and pins to 
reduce fatigue failures and save weight is now 
widely established. Carbon-molybdenum boiler 
steel is being tested to permit higher boiler pres- 
sures without requiring increased weight; serv- 
ice has been encouraging. Other growing 
applications for molybdenum steels and cast 
irons by American railroads include tires, car 
wheels, flues and cylinders. 

The past “model-year” saw production 
schedules of the motor industry set for about 
4,200,000 vehicles. Nickel-molybdenum carbu- 
rizing steel (S.A.E. 4615 and 4620) continues as 
perhaps the most widely used specification for 
gears. Other typical applications for molybde- 
num steels include axles, shafts, steering 
knuckles and steering arms. During recent 
vears, the tonnage of carbon-molybdenum steels 
consumed by the motor industry has advanced 
steadily. The possibility that the high manga- 
nese content of certain engineering steels may 
have to be replaced with molybdenum has been 
given consideration by the metallurgists of the 
motor companies. 

While the national defense program will 
call for some changes in ordnance materials 
specifications, the direct demand for molybde- 
num steels for rearmament has not been so 
great as might seem likely at first glance, or as 
remembered from the great excitement over 
molybdenum during the War of 1914-18. If 
the present trend should continue, however, 
domestic consumption for this purpose will be 
considerably increased. The conservation of 
strategic elements will undoubtedly bring out 
bullet steels, armor plate and gun steels 
designed around molybdenum as the principal 
alloying element. Developments along these 
lines, while obviously of a confidential nature, 
have already passed the preliminary stages. 

Oil well drilling and oil refining continues 
to create a growing demand for molybdenum 
steels. With oil wells going down faster and 
deeper every year, the need for high strength, 
quality steels to prevent costly failures is readily 
appreciated. 
temperatures and pressures and a demand for 
improved service life have justified the use of 
molybdenum steels in oil refineries on a basis 
of their elevated temperature strength and 


In addition, increased cracking 


resistance to creep. Steels containing 7% chr: 
mium with 0.50% molybdenum are now bein 
employed in applications requiring better co: 
rosion resistance at elevated temperatures tha; 
given by the more conventional 5% chromiun 
steels. The successful welding of high chro 
mium sheet linings to creep resistant carbon 
molybdenum plate for pressure vessels was a: 
outstanding commercial accomplishment durin: 
the past vear. 

Other significant new developments includ 
(a) the use of a 3% molybdenum, 0.15% carbon 
steel for molds, (b) improved acceptance of a 
copper-manganese-molybdenum die steel that 
can be flame hardened in position, eliminating 
the use of inserts in certain forming dies, and 
(c) the use of a 5% chromium, 1.50% molyb- 
denum steel for die casting dies. 

Both 9% and 6% molybdenum high speed 
steels have received increased attention during 
the past year, and these steels may be expected 
to assume greater importance if a considerable 
price advance or a tungsten shortage should 
make an appearance. 

Among many developments in cast iron 
calling for the use of more molybdenum in both 
as-cast and heat treated irons, it is appropriate 
to mention a molybdenum-vanadium iron, 
recently developed, that has exhibited unusually 
high strength with low accompanying hardness 
and good machinability. Cylinder heads, timing 
gears and manifolds are logical applications. 
The use of molybdenum irons for flame hard- 
ened dies and lathe beds is increasing and it 
has been reported that, under certain circum- 
stances, adequate depth hardening can_ be 
obtained without a water quench. “Wheela- 
brator” blades containing 10° molybdenum 
have established some remarkable service rec- 
ords in the foundry. 

During the past year, there have been con- 
siderable data added to the metallurgists’ 
fundamental knowledge of the behavior of 
molybdenum steels. As a result of research 
work carried on over a period of years, 
“S-curves”, so called, describing the transfor- 
mation rates at constant subcritical tempera- 
tures, are now available of all the better known 
S.A.E. molybdenum steels for the guidance of 
the metallurgist and heat treater. While these 
data are not yet capable of indiscriminate appli- 
cation, they do represent a distinct advance in 
our permanent store of knowledge, and have 
already contributed to the solution of many 
shop problems. 
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Machines FAST... 


SPEED CASE STEEL machines as fast as 
High Sulphur Bessemer Steel X 1112. 


e and DUCTILE, TOO! 


SPEED CASE STEEL is as ductile as any 
of the Low Carbon Open Hearth 
Steels — X 1314, 1020, etc. 


“SPEED CASE Did the Job 100%I” 


@ SPEED CASE STEEL has solved many manufacturing problems involving 
a combination of Machinability and Ductility. The above part required 
great ductility and still had to Machine FAST. SPEED CASE STEEL results 


were 100°, satisfactory. “Speed Case” can increase YOUR production also. 


Sole Licensee for Eastern States 


Ge THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 
MONARCH STEEL COMPANY 
HAMMOND CHICAGO INDIANAPOLIS 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS! 
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SPEED CASE PERFORMANCE RECORD i 
iG 
PREVIOUS 
MATERIAL COST $4.05 owt. $4.40 owt. 
MACHINE COST 203.00 pes | $01.00 - 2220 pes 
sTRASGHTENING COST — _None_— None 
GRINDING COST None None j 
yisCELLANBOUS COST | $5.00 - 232° _None 
wet COST PER PART $.1687 4.1508 — 
pagts PER TON STEEL 1120 lz 4 it 
sAvINGS PER TON OF STEEL $20.04 4 
now 4 4 
1112 - - 26 per nour 1 Tool Grind 10 brss 720 
SPEED CASE _s 1 mine 49 35 per nour - Tool Grind 20 hrs. a 
a 
SKETCH OF PART 7 
customer changed fro 1112 to SPEED CASE t° obtain 
necessery auctility for deforming. SPEED CASE deformed 
without cracking- See actual photoerePh® pelo. 
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Copper clad Various. steel is obtained by rolling 


Composite Steels Silver clad — Handy & Har- together a stainless alloy plat: 


electroplated with pure iron on 


man 
(Continued from page 383) B-2. A pressure welded bond the side in contact with the 
B— Pressure Welding between stainless alloys and steel and a steel plate. 


mild steel is obtained by insert- Silver-Ply Clad Steel. 
ing an ingot iron sheet between Latrobe Electric Steel Co. 
the alloy and the mild steel and Jessop Steel Co. 
rolling the assembly to gage. C — Fusion Welding 

Plykrome — Plykrome Corp. C-1. Overlapping beads of weld 


B-1. Non-ferrous metals and 
alloys are pressure welded to 
steel backing by rolling 
together at a high temperature. 

Nickel, Inconel, and Monel 


clad —- Lukens Steel Co. 
Everdur clad— Republic 


B-3. A pressure welded bond 
between stainless alloys, tool- 
Steel Corp. steels, and alloy steels and mild 


~Carboloy Announces 


TH PRICE REDUCTION! 


Plus New ‘Universal’? Standard Tools 
For 80% of all Turning, Boring, Facing Jobs 


Since the year when Carboloy tools were first introduced it 
has been the expressed aim of Carboloy Company to pass on 
to industry savings resulting from increased consumption 
and manufacturing efficiencies. As a tangible result of this 
policy, five major price reductions were put into effect between 
1929 and 1939. 

For a number of years, however, we have realized that if our 
vitimate goal of reducing the price of Carboloy cutting tools 
to a level that would make them available for the widest 
possible use, mass production methods of manufacture, 
through greater standardization, would have to be effected. 


Towards this end one of ovr major activities has been to 
determine the minimum number of grades and the simplest 
line of tools that would be applicable to a substantial majority 
of carbide tool applications. 

New $1,000,000 Plant Part of Program 
Concurrent with this we inaugurated a long range program 
of manufacturing development to establish maximum effi- 
ciency for standardized production. This culminated in the 
expenditure of a million dollars on a new plant and equip- 
ment completed last spring, having a production capacity of 
ten times the amount of cemented carbide then consumed by 
industry, with provisions for expanding metal production to 
many times that amount. 


Mass Production of Standard Tools Now Possible 
Today we are happy to announce that this program has been 
completed. One of the outstanding results of this program 
now made available to industry is a line of standardized tools 
at prices that would have seemed beyond the realm of possi- 
bility only a few years ago. Indicative of the extent to which 
standardization has been developed is the fact that these 
tools —covering 80 per cent of all carbide tool requirements — 
comprise but five styles in only three grades—two for cast 
iron, and one for steel. 

General Price Reduction on Carboloy Metal 

A further result of this standardization program is that— 
because of the anticipated wider scale use of carbide tools — 
the cost of producing basic cemented carbides can be reduced 
to such an extent that we are able to announce the sixth 
general price reduction on carbide metals. This affects special 
tools, dies for working wire, bar, tubing and sheet metal, 
Carboloy weor-resistant inserts, etc., in proportion to the 
amount of Carboloy metal used in each product. 


¥ Check These NEW 
Standard Tool Prices Against 
Any Other Cutting Alloy! 


(Three styles illvetrated) 


NOW $265 


New Style 4 
Size squere 


NOW $3.95 


New Style 13 
Size squere 
(“a Corboley Tip) 


NOW $4.70 


New Style 
Size  squere 


ALL TOOLS GROUND READY FOR 
USE (STEEL CUTTING TOOLS INCLUDE 
GROUND-IN CHIP BREAKER) 


Write for New Price Sheets 


CARBOLOY COMPANY, Inc., 11105 E. 8 Mile Road, DETROIT, MICH. 


CHICAGO + CLEVELAND + NEWARK + PHILADELPHIA «+ 


PITTSBURGH + WORCESTER, MASS. 


Canedien Distributor: Canadian General Electric Company, itd., Toronto 


metal are deposited on the sur- 
face of a steel slab by oxy- 
acetylene, atomic hydrogen, or 
electric are welding. The sur- 
faced slab may be rolled to 
plate and retains the alloy 
deposit on the deposited sur- 
face, or used as welded. 
Kelkalloy — M. W. Kellog Co. 
Stelliting and hard surfacing 
Open. 
Lead linings in steel drums, 
etc.—-Lead Lined Iron 
Pipe Co. 


C-2. A fusion bonded deposit of 


a secondary metal is fused with 
a carbon are from a mixture of 
metallic forming material to 
the surface of a steel slab. The 
secondary metal is retained as 
a cladding on the plate or sheet 
after rolling to gage. 

Kinkead’s process. 


C-3. A combination fusion and 


casting process employs a soft 
steel slab as one side of a nar- 
row mold. An ingot of desired 
composition, bonded to the 
Slab, is built up in the mold. 
An automatic welding head 
which makes a traverse in the 
mold supplies the metallic 
forming material. The com- 
posite slab thus formed is then 
rolled to gage. 

Pluramelt — Allegheny Lud- 

lum Steel Corp. 


D — Electric Resistance Welding 
D-1. A composite plate is fabri- 


cated by electric resistance spot 
welding a finish ro'tled alloy 
sheet to a rolled steel plate. No 
additional rolling of the com- 
posite is required. Two varia- 
tions of this process include: 
Resistance spot welds on 
close centers — A. O. Smith 
Corp. 
Overlapping spot welds 
Babeock & Wilcox Co. 


D-2. Butt-weld two slabs over the 
Hak : TUNGSTEN CARBIDES entire surface and roll to gage. 
TITANIUM CARBIDES Various bimetals— W. M. 
TANTALUM CARBIDES Chace Co. 
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-ARISTOLOY 


executives are 


located at the plant-for qucker action and closer 


cooperation on your alloy steel requirements 


WE TALK IT OVER ACROSS THE DESK ... NOT ACROSS THE COUNTRY 


All Aristoloy Executives and Department Heads have their working head- 


quarters where Aristoloy Steels are made—at our Warren, Ohio plant. ma 

Talking it over across the desk, there’s an easy, every-day interchange of a 

a 

information and experience. Centralized organization makes for closer b 


+ 


cooperation, with less chance for error, delay, and misunderstanding. a 
Aristoloy steel makers make steel on the job— not by remote control. a 


Visit us at the 

METAL SHOW 

October 21-25, 1940 
CLEVELAND, O. 


COPPERWELD STEEL COMPANY, WARREN, OHIO 


Stop at our Aristoloy 
Exhibit Booth F-20— 
and play “Aristoloy”. 
You can't lose. 


S.A.E. ALLOY BILLETS AND BARS; AIRCRAFT QUALITY 
STEELS; OXIDATION AND CORROSION RESISTING 


Prizes for high scores 


STEELS; TOOL AND SPECIAL STEELS, STAINLESS STEELS 
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Hard Way 


* * If your part in the preparedness pro- 


gram involves new problems in the selection 


and working of steels .. . use this service 


F you are being asked to turn from familiar peacetime manufacturing 

and throw your best efforts into the production of materials for national 
defense you have no time for trial-and-error methods. Speed is the vital 
element. 

What you want to know is, what are the right steels for your new and 
unfamiliar requirements—and how they can be put through your manu- 
facturing processes with the least waste, trouble and delay. 

Fortunately, we are in a position to supply this information. Here at 
Carnegie-Illinois we have developed a corps of industrial “trouble- 
shooters” —engineers and metallurgists whose special job is not to sell steel 
but to help industry use it more efficient/y. Their intimate knowledge of 
the constantly changing steel picture will safely guide you through the 
complex problem of proper steel selection. Their practical experience with 
the most advanced shop methods in using the many new and special steels 
now available will help you avoid time-wasting errors. 

In working on your problems, these men can call upon the facilities of 
the most completely equipped research laboratories and the finest steel- 
making plants in America. Their advice can be entirely unbiased because 
they have the most comprehensive range of metallurgy’s finest steels from 
which to choose. 

This service is not new. It was initiated long before the present emer- 
gency. It is seasoned, tried and widely experienced. We offer it freely to 
any manufacturer who is anxiously studying unfamiliar blue prints and is 
seeking a practical way out from a situation that bristles with new prob- 


lems. We believe we can help you. We welcome the opportunity. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
Lnited States Steel Export Company, New York 
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Plants: New Castle, Indiana; Chicago, Illinois; 
Kalamazoo, Michigan; Chicago Heights, Illinois 


Builders, 
American Motor Car 


INGERSOLL 
SPECIAL STEELS 


Armor Plate . . . Alloy Steels . 

IngAclad Stainless-Clad Steel... 
TEM-CROSS Cross-Rolled Steel... 
Tillage Steels . . . Shovel Steels... 
Clutch Plate Steels ... Knife 
Steels ... Saw Steels... 
High Speed Steels, etc. 


Inquiries are invited 


INGERSOLL 
STEEL & DISC DIVISION 


BORG-WARNER CORPORATION 
New Castle, Indiana 
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. . there is a deep drawing high tensile steel 
for high speed production line 
parts and products... 


High Tensile 


... and it has unusual high resistance 
to impact, fatigue, shocks and stresses, at 
normal as well as at sub-zero temperatures 


Realizing the need for a high tensile low alloy 
steel that combined cold forming and drawing 
properties with strength, excellent weldability, 
resistance to corrosion and abrasion, Great Lakes 
metallurgists undertook to provide such a steel. 
The result, N-A-X HIGH TENSILE, possesses 
all of these characteristics and its forming prop- 
erties approach that of deep drawing mild steels. 

Of major importance to users of high tensile 
steel, and particularly designing and production 
engineers, is the unusually high resistance N-A-X 
HIGH TENSILE has to impact and fatigue, at 
normal as well as at sub-zero temperatures. This 
means that parts and products made of N-A-X 
HIGH TENSILE can be cold formed readily, 
usually without intermediate annealing, and have 


the stamina to stay on the job longer with less 


replacement costs. N-A-X HIGH TENSILE also 
has excellent forging, machining, heat treating 
and carburizing properties. 

In scores of very difficult production line appli- 
cations, in many of which other high tensile steels 
have failed, N-A-X HIGH TENSILE is being 
used and receiving the acclaim of manufacturers. 

If you want all the advantages of a high tensile 
steel, plus the cold drawing and cold forming 
properties approaching those of deep drawing mild 
steel, specify and get N-A-X HIGH TENSILE. 

Great Lakes engineers are available to show 
you how you can use this really superior high 
tensile steel to advantage. One will be glad to call 
at your convenience—no obligation. Wire, write 
or telephone for one today. Great Lakes Steel 


Corporation, Detroit, Michigan. 


GREAT LAKES STEEL CORPORATION——DETROIT, MICHIGAN 


Boston, 460 Statler Office Building; Buffalo, 1000 Walbridge Building; Chattanooga, 18 Volunteer Building; Chicago, 1026 

Builders Building; Cleveland, 820-Leader Building; Dayton, 1401 Third National Bank Building; Indianapolis, 1215-17 Circle Tower; 

Minneapolis, 714 Midland Bank Building; New York, 405 Lexington Avenue; Philadelphia, 407 Liberty Trust Building; St. Louis, 

3615 Olive Street; San Francisco, 824 Sharon Building; Toledo, 906 Edison Building. Montreal, Quebec, Drummond, McCall & 
Co., Limited; Toronto, Ontario, Peckover's, Limited. 


division of 


~ 


NATIONAL STEEL CORPORATION 


Executive Offices, Pittsburgh, Pa. 
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| I can tell you a dozen reasons 
why we've shifted to MO-MAX, 


ND the twelfth is the most important of the lot. We finally shifted 

to MO-MAX because our Superintendent kept dinging into my ears 
that we'd get twenty per cent more efficient high speed tools on an 
average by making them of MO™AX steels. He was right, but that’s not all. 
He was persistent. He not only knew, but he was all steamed up to do 
something about it. That’s what I want to impress on you. You know the 
M°-MAX steels. Others in your plant know about them. You'll never get . 
credit for knowing if you don’t translate your knowledge into action. 
Twenty per cent more efficient tools are not to be sneezed at. Don't rest 
till you get action. It’s your best chance to guard your own future by 
promoting your employer's. If you don't, somebody else will. Go to it. 


date wate The Cleveland Twist Dil Company, Cleveland, Ohio. 
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— Users of high speed steels who are con- 
tributing their part to the national defense 
program will find ELECTRITE No. 1 fit- 
_ HIGH SPEED STEELS ee, tingly adapted to this new tempo of 
production. 


This 18-4-1 High Speed Steel possesses a 
maximum of red hardness and wear-re- 
sistance ideal for quality cutting tools. 
It responds readily to heat treatment, has 
a highly uniform grain structure and is of 
maximum density....factors which result 
in uniformly sound, tough steel! 


Ask for latest bulletin on Latrobe 
Electrite No. 1 high-speed steel. 


Li ELECTRIC STEEL COMPANY 
MAIN OFFICES and PLANT LATROBE- PENNSYLVANIA 
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CoLMONOY 


Hard Surfacing Alloys and Overlay Metals 


The increased use of COLMONOY hard 
a alloys in the metal industry is open 
acknowledgment of superior qualities of abra- 


sion resistance. Comparative performance 
records show substantial savings over previous 
operations. 


COLMONOY, with its diamond-like crystals 
of Chromium Boride, is available in many forms, 
and various degrees of hardness. Our engineers 
are competent to discuss the proper application 
of COLMONOY to meet your individual re- 
quirements. Your letter will receive prompt 
attention. 
WRITE FOR CATALOG 

Contains full information concerning 

all the various grades of COLMONOY 

that meet every hard-surfacing re- 

quirement 


WALL-COLMONOY CORP. 


Sixth Floor, Buhl Bldg., Detroit, Mich. 


558 W. 54th St. 2054 W. Harrison St. 208 Midco Bidg. 
NEW YORK CHICAGO TULSA 
3155 Seneca St. 123 W. Philadelphia St. 
BUFFALO WHITTIER, CALIF. 


Introducing— 


odern Metal 


An Entirely New Level of Ferrous Castings 


|. Tough as Steel 
2. Machinable as Malleable 
3. Smooth as Cast Iron 
Minimum Guaranteed Physicals 
Tensile Strength—60,000 Ibs. per sq. in. 
Yield Point—44,000 * so «& 
Elongation—18% in 2 in. 
Completely Graphitized — Not Pearlitic 
See Us in Booth 1-38 at the Show 


Take Home A Test Bar and Check Our Claims | 


Chicago Malleable Castings Co. 
MANUFACTURERS OF 
SUPER-Y — MALLEABLE IRON — CAST STEEL 
AIR FURNACE GRAY IRON 
BRAKE BEAMS AND SPECIALTIES 


CoLMONOY 


PROVEN REASONS 


Why You Should Specify 


Nickel Base Hard Facing Alloy 


Gives longer life. 

Resists wear, corrosion and galling. 

Applies more easily. 

Less facing material required. 

Smoother flowing. 

Lower melting point. 

Less welding time required. 

Less pre-heating required. 

Applies to all ferrous base metals. 

Finishes to a high polish, minimizing 
friction. 

Can be hot wiped. 

Does not service check. 


Columbia 


TOOL STEEL 


PREPAREDNESS — 


With industry's new tasks tool-mak- 
ing materials are of added importance. 


eo 
. . 


Columbia is ready to assist with the 
best possible materials, complete use- 


ful information and able sales-service 
men to help users get the fullest ad- 
vantage of these products. 


COLUMBIA TOOL STEEL COMPANY 


2 ARTHUR T CLARAGE PRESIDENT 


Office 
STREET CHICAGO 
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FREE-MACHINING STEELS 


STEEL moves into first place as an essential industry . . . its products 
vital to national defense, as well as to peace-time prosperity @ That 
the efforts of a united nation may not be “too little nor too late,” 
American manufacturers are marshaling their resources for “total 
production” @ B &L Free-Machining Steels are a prime aid in this 
rapid expansion of output @ They are specially developed for 
increasing machine efficiency without sacrifice of quality or safety 
@ Their uniformity assures better products, longer runs and lower 
costs in fabricating machine parts @ B & | Cold Finished Bar Steels 
are available in a full range of grades . . . Bessemer and Open 
Hearth, leaded and non-leaded, for all demands of modern service 


COLD DRAWN BARS + GROUND SHAFTING + SCREW STOCK + LEADED STEELS + ALLOY STEELS 
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Iron ore mining in an Uddeholm mine centuries ago. 


Throughout 273 years of War and Peace, Uddeholm has 


never deviated from its original pursuit ... the goal of 


superior steels! « « « And Uddeholm Steels have, during 
the years, contributed theirsmall share in the building of America. Thus, 
even in these troubled times, 14 stocks of Uddeholm Tool Steels are con- 


tinuing to serve American Industry in its forward march. 


w 


155 East 44th St.. New York, N. Y. wy Exelusive Tool Steel distributors 


Grand Rapids, Mich., THE PENINSULAR STEEL COMPANY 
Los Angeles, Cal., JAMISON STEEL CORP 

New York, N.Y., ACKERLIND STEEL COMPANY, ENC. 
Providence, R. 1, ACKERLIND STEEL COMPANY, IN 

San Francisco, Cal., JAMISON STEEL CORP 

Toledo, Ohio. THE PENINSULAR STEEL COMPANY) 


ittleboro, Mass., ACKERLIND STEEL COMPANY, INC. 
Cambridge, Mass., AUSTIN-HASTINGS COMPANY, INC. 
Chicago, IL, THE PENINSULAR STEEL COMPANY 
Cleveland, Ohio, THE PENINSULAR STEEL COMPANY 
Dayton, Ohio, THE PENINSULAR STEEL COMPANY 
Detroit, Mich., THE PENINSULAR STEEL COMPANY 

oorcester, Mass... AUSTIN-HASTINGS INC. 

Rockford, Ilinois, THE PENINSULAR STEEL CO, 
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No bugle wakes him from his morning sleep. and the widest continuous strip mills—who 
No uniform tells all who see him that he is the world’s largest producer of alloy and 
is defending the liberty of America. stainless steels, of ‘aircraft quality” steels, a 
No beribboned medal shows his work of electric weld pipe and tubing—who is @ 
well done trained and equipped to produce in a wide : 
variety of types and forms, huge quanti- a 
But there he is—a typical American— Y YP 
55,000 of him i d b ki ties of steel —first line of national defense. . 
of him in round numbers~— working 
in Republic plants, mines, offices and ware- To emphasize the vital importance of steel in 
h , today’s emergency and its ability to meet the 
ouses in 35 states. demand, Republic will display at the National 
This is the man who is Republic aa who Metal Show various units of defense equipment 
improved through the use of new and better 
operates the world’s largest blast furnace Republic steels. See this exhibit at Space A-10 


REPUBLIC STEEL CORPORATION © CLEVELAND, OHIO 
Berger Manufacturing Division + Niles Stee! Products Division + Stee! and Tubes Division + Union Drawn Stee! Division + Truscon Steel Company 
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TAINLESS 


UPPOSE you could blank and form stainless with an 
assurance of fewer shop hold-ups and reduced unit costs. 
Wouldn’t this mean that more of your products could be 
given the extra sales appeal of stainless steel—or the addi- 
tional lightness and strength? Wouldn't this help you in 
putting over your pet ideas? If so, here are facts: 


THE PLACE TO LOOK FOR LOWER STAINLESS COSTS 
IS BEHIND THE CURTAIN OF PRODUCTION DELAYS. 


When presses are stopped because of trouble with the stain- 
less strip, output suffers and costs rise. Yet the common 
interruptions—those caused by excessive burrs, ragged 
edges, tears, wrinkles, scratches, premature die wear, etc.— 
can be materially reduced or almost entirely avoided. With 
two precautions, it is usually possible to turn out stainless 
parts at speeds comparable with mild steel production rates. 


The first precaution is to remember that stainless averages 
50% stronger than mild steel. In fact, the higher physical 
properties of stainless may be the very reason why you are 
using it. On the other hand, these higher physical properties 
do call for more attention to proper tooling and lubrication, 
and they may call for the use of one size heavier press, or 


stock of a slightly lighter gauge. 


The second precaution is to pick the right stainless for the 
job. That’s where Carpenter comes in with stainless strip 


HELP YOU PRODUCE 
PARTS FOR LESS MONEY 


believe it is our job, too, to help you select from these steels 
the one that best meets shop avd service requirements. 


As both a tool steel and stainless steel mill, Carpenter is 
unusually well prepared to aid you in meeting both the above 
precautions. Carpenter representatives can offer dozens of 
useful hints on tooling up and can work with your men on 
smoothing out trouble with stainless stock. They can put in 

your hands a great deal of he Ip- 

ful literature on both subjects. 


4 


ice worth using. 


You can start to cash in now 


quick reference Stainless Steel 
Slide Chart which we will be 
glad to send you without obli- 
gation. Pocket size, it gives you 
a quick summary of technical 
data on Carpenter and other 
stainless steels. If you do not 
already have this chart, send for 
your free copy today. 


"SOFT ENOUGH FOR LADLES— 
SPRINGY ENOUGH FOR SPATULAS 


"NO PLATING TO PEEL— 
EASIER FABRICATION" 


These two bathroom cabinets These attractive utensi's are formed from 

analyses specially developed for easy-working qualities. Each were installed in a New York Carpenter Stainless No. 6 at a cost low 

City housing project. Because enough to sell in a highly competitive 

grade is a soft, clean blanking strip, uniform in gauge, tem- they are trimmed with —market—thanks to the clean blanking, fast 
fi h f Carpenter Stainless No. 6, they forming characteristics of this steel. 

per, color and finish. Each is an electric furnace steel made will have a permanent good Carpenter Stainless Strip can be purchased 

= appearance—and yet fabricat- in a variety of tempers—dead soft for draw 

under the close control customary in a tool steel mill. We ing costs are well within ine ladle. or tpring tempered for spatule 


THE CARPENTER STEEL COMPANY...READING, PA. 


That is an important dual serv- 


on these service facilities. We 
have prepared a very useful, 
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STAINLESS 
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THE CARPENTER STEEL COMPANY 
133 BERN STREET, READING, PA 


Gendemen: Without obligation, please send me your free 


Stainless Steel Selector Slide Chart 


NAMI 
FIRM 
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“BECAUSE IT DRAWS BETTER THAN 
ANY 18-8 PREVIOUSLY TRIED" 
Stainless No. 4, says the manufacturer of A | 
a these soap dispenser parts. Notice that. 
some of thete parts are drawe as deep or 
a 
| 
q 4 @ 
| w | | 
4 
on 
& T 0 \ N 
| ust aa 


LILY 


THROUGHOUT the history 
of American metallurgy runs 
the tireless search for better 
and better quality—cleaner, 


more homogeneous metals,— 
finer finished products. And the Titanium 
Alloy Manufacturing Company has been— 
still is!—a pioneer in this search. 
Producing over 30 years ago, the first com- 
mercial Titanium Alloy for use in molten 
steel, TAMCO since then has developed 
TAM Alloys for practically every class of 
steel, as well as alloys for other metals. 
The two TAM Ferro Carbon Alloys—TAM 
Original F.C.T and TAM Medium Carbon 
F.C.T.—are outstanding Titanium deoxidiz- 
ers helping to produce superior steels, from 
the highest carbon down to the lowest car- 
bon made! Supporting these leaders is acom- 
prehensive list of TAM Alloys and Products 
tor all needs of the practical metallurgist. 
TAM 40% Low Carbon Ferro Titanium, TAM 
Foundry Ferro Titanium (for cast iron), 
TAM Webbite (for aluminum), TAM Cupro- 
Titanium (for copper), TAM Metallic Ti- 
tanium, and TAM Metallic Zirconium. Also 
TAM Foundry Zircon Sand and TAM Zir- 
conite “A”, both super-refractory mold and 


core materials; and in addition to these 
many other refractories and cements. 


A TAM Engineer is always ready and will- 
ing to assist your plant with accurate, up-to- 
the-minute information. 


Come to the TAMCO Booth F-13 at the Na- 


mmm. S. 4 tional Metal Exposition, Oct. 21 to 25, Cleveland. 


- ae rAM Engineers will be glad to “talk things over”. 


THE TITANIUM ALLOY MANUFACTURING CO. 


General Offices and Works: Executive Offices: 
NIAGARA FALLS, N. Y., U.S. A. Se 110 BROADWAY, NEW YORK CITY 


Representatives for Canada Representatives for Europe 
RAILWAY & POWER ENG. CORP., LTD. Representatives for the Pacific Coast T. ROWLANDS & CO., LTD. 
Foronato, Montreal, Hamilton, Winnipeg, BALFOUR, GUTHRIE & CO. 23-27, Broomhall St., 


Vancouver, Sydney San Francisco, Los Angeles, Portland, Seattle, Tacoma Sheffield, England 
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Cost Less Because 


Any industry—your industry—may learn a valuable 
lesson from the manufacturers of Cast Steel Gears. 
Their first cost is lower, for they may be designed 
for greatest strength exactly where needed, without 
excess weight. They require less machining, and where 
teeth are cast, there is little or no waste stock. Differ- 
ential hardening of parts is practical and inexpensive. 
And Cast Steel Gears wear longer. They start with 
uniform, homogeneous blanks, free from flow lines con- 


centric with rim, which might cause tooth breakage. 


They Last Longer 


Desired mechanical properties may be specified in 


advance. 

These same qualities, plus many others, may lead 
the way to improvements in your product. Investigate 
the ability of Steel Castings to save money—they pro- 
vide extra strength without extra weight, cut down the 
number of parts, simplify assembly, cut machining costs, 
and provide exactly the mechanical properties you want. 

Ask your own foundryman, or write Steel Founders’ 


Society, 920 Midland Bldg., Cleveland, Ohio. 


IMPROVE YOUR PRODUCT WITH 
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THE FUNDAMENTAL REASON WHY 


is the best carbide 
for machining steel 


With the exception of KEN- 
NAMETAL, hard carbide tool 
materials for machining steel 
consist essentially of mixtures 
of titanium carbide (or tanta- 
lum carbide) with tungsten 
carbide, to prevent “cratering” 
of the tool tips. KENNAMETAL, however, is an interme- 
tallic compound of tungsten-titanium carbide corresponding 
to the chemical formula WTiC., and is considerably 
stronger than mixtures of these hard carbide materials. 
Because of its superior strength, and because WTIiC, is 
harder than mixtures of simple carbides, tools tipped with 
KENNAMETAL can take heavy, rough cuts, or interrupted 
cuts, without breakage, and do not “crater” or wear. Write 
for information today. 


IMPORTANT NOTICE 


KENNAMETAL tools cost no more than ordi- 
nary carbide tools—see our new price schedule. 


Style No. 11 
Tool with Chip 
Breaker 


WKITE FOK COPY OF MAGNET STEEL BOOKLET 
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MSKENNA METALS 


AVERT SE 
LATROBE, PENNSYLVANIA, U.S.A. 


‘FIVE-POINT Desohard 


PROCESSED STEEL PRODUCTS 


THERE IS NO CLOSED 
SEASON ON WEAR! 


e@ Your best weapon is ‘FIVE-POINT’ 
Deephard Processed Steel—use these 
dependable, wear-resistant products on 


vital moving machine parts. 


@ Save yourself the trouble and annoy- 
ance of costly and untimely shut-downs. 


Complete facts are yours for the 


asking. 


Send the Coupon for this 
Free Bulletin Today! 


FOOTE BROS. Geak & MACHINE CoRP. 
5301-L SO, WESTERN BLVD. 
CHICAGO, ILLINOIS 


Please send me without obligation your 

bulletin describing “*Five-Point™ Deep- 

hard Steel Products 

Name.. 


Company 


SIMONDS STEEL 


NDS SAW & STEEL CO., LOCKPORT, N. Y.} 


TECHNICAL DATA FOR 
SHOP USE 


Practical information on heat treatment and best 
shop practice are contained in “Blue Sheets” spe- 
cifically covering each type of A-L Stainless, Tool 
or Special Steels. If you do not have them, by all 
means write at once. 


A NEW KIND OF “WHERE 
TO BUY” SERVICE 


New reference publication, the “Handbook of 
Special Steels—Their Properties, Uses, Fabri- 
cators.”’ A valuable source-of-supply register... 
a helpful book in buying and specifying offices. 


SPECIAL STEELS AND ALLOYS 
STAINLESS STEELS in al! forms and grades for 


every purpose—sheets, plates, bars, wire. tubes, 
strip, Castings. 
TOOL STEELS for all metal working require- 


ments—bars, forgings, drill rod, too! bits, etc. 


ELECTRICAL STEELS— complete line for electric 


manufacturing. 
CARBON STEELS—hor and cold rolled strip, 
sheets, Castings. 


SPECIAL ALLOY STEELS—valve steels, nitrid- 
ing steels, nitri-cast-iron, special steels made to 
customer's requirements. 


ALLEGHENY LUDLUM STEEL CORP. 


OLIVER BUILDING - PITTSBURGH, PA. 
Sales Offices and Complete Stocks in all Principal Cities 
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When you attend the National Metal 
Exposition in Cleveland, October 21 
to 25, call at our Exhibit—Space 


D-6—and learn about all the new 


developments in steel that are taking 


place in the Timken Steel Mill. 


THE TIMKEN ROLLER BEARING 
COMPANY, CANTON, OHIO 


Steel and Tube Division 


TIMKEN 


ALLOY STEELS 


Manufacturers of TIMKEN Tapered Roller Bearings for automobiles, 
motor trucks, railroad cars and locomotives and all kinds of industrial 


machinery; TIMKEN Alloy Steels and Carbon and Alloy Seamless 
Tubing; and TIMKEN Rock Bits. 
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BUFFALO 
NEWARK 
DETROIT 
CHICAGO 
CLEVELAND 
CAMBRIDGE 
CINCINNATI 


Wheelock, Lovejoy & Co., Inc. 


Main Offices: 134 Sidney St., Cambridge, Mass. 


“NO MEASURABLE CHANGE 


Make 
Accurate Clock Parts 


Male and female sub- 
press die for blank- 
ing synchronous mo- 
tor field plates from 
2% silicon steel, .050" 
thick. Photo cour- 
tesy Lux Clock Mfg. 
Co., Waterbury, Conn. 


The tool illustrated is one of three dies made of Jessop’s 
WINDSOR SPECIAL Air Hardening Die Steel by the Lux 
Clock Mfg. Co., Waterbury, Conn., for use in the produc- 
tion of clock parts. According to Mr. Fred Lux, Works 
Manager, these dies were heat treated without any change 
that they were able to measure. 


WINDSOR SPECIAL is a new die steel recently developed 
by Jessop for use where the initial cost of the tool or die 
must be held to a minimum. In addition to its non-deform- 
ing qualities, it is easily machined, extremely tough and has 
a wide hardening range. Write today for a free copy of 
our new folder which gives working data and physical prop- 
erties. 


Jessop Steel Co., 624 Green St., Washington, Pa. 


ESTABLISHED 1901 


Jessop Steels America 


CARBON. HIGH SPEED- SPECIAL ALLOY- 
STAINLESS- and COMPOSITE STEELS 


PRACTICAL 
METALLURGY 


APPLIED PHYSICAL METALLURGY — INDUS- 
TRIAL PROCESSING OF FERROUS & NON.- 
FERROUS METALS & ALLOYS 


by 
GEORGE SACHS, 
Case School of Applied Science 
and 
KENT R. VAN HORN, 
Aluminum Company of America 


570 Pages . . . 335 Illustrations 
6x9... Red Cloth Bound 


$5.00 


In addition to 335 general illustrations, PRAC- 
TICAL METALLURGY contains 160. constitu- 
tional diagrams covering all systems that contain an 
important commercial alloy. These diagrams... the 
chapters on Plastic Deformation of Ferrous and Non- 
ferrous Metals ... and the chapter on Internal Stress 
in Metals contain information not available in any 
other book published in this country. 

Here is the book you've long wanted—a simpk 
vet complete treatise on practical metallurgy. 


THE AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue Cleveland, Ohio 
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Wicxorr STANDS READY TO SERVE = 
INDUSTRIAL AMERICA WITH COLD DRAWN STEELS 


to produce superior quality cold drawn 
steels day and night—and distribution 
points throughout industrial America 


Steel, steel and more steel of selected 
quality, special analysis and restricted 
physical characteristics will be required 
to meet the demands of The Defense will diligently speed delivery. 
Program. Fully aware of these requisites, Why are we certain to do this? Because 
WYCKOFF stands ready to serve this Wyckoff cold finished steels and 
call to the fullest extent. Wyckoff warehousing and delivery have 
Two large, modern Wyckoff plants always operated on this keen edge of 
include unexcelled annealing, normal- eflicieney and quality. 
izing, stress or strain relieving and other You should take advantage of this 
special furnace treatment facilities in excellent service on all your cold finished 
addition to complete cold drawing and steel requirements TODAY and depend on 
finishing equipment. These are keyed WYCKOFF for what TOMORROW brings. 


WYC KOF 


DRAWN FROM DRAWN STE -OMPANY 


FIRST NATIONAL BANK BLDG. + PITTSBURGH, PA 


5200 SOL TILE KEDZIE AVENUI CHICAGO, ILLINOIS 
Mille at Ambridge. Pa. and Chicago, Il Barchouse Stocks in I'r pal Cities 
Steels... Leaded Steele Turned and Ground Shafting Bid 
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Have you ever considered how handy it would be to 
have a small compact set of tool steels that would 
handle virtually every job in the shop? 


That’s exactly what Bethlehem offers you in the 
“*8-steel tool kit.’’ This set of fine steels is the result of 
years of developing top-notch tool steels, testing them 
in the laboratory and in the shop, perfecting them, and 
then picking the cream of the lot. 


Each steel in this set is a veteran performer. Together, 


KIT’ 


| 


the 8 steels are a tested-and-proved combination that 
will handle 90 per cent of all of the jobs in any shop. 
Quickly. Cheaply. 

Cut inventories. Simplify heat-treatment. Become so 
familiar with the capabilities of these 8 good steels that 
you can cut operation costs and improve the quality 
of your product at the same time. 


Write to Bethlehem Steel Company for complete de- 
tailed information on the money-saving “‘8-steel tool kit.”’ 
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Air Blast Room, 
showing Operator 


the 


Metals, Ordnance, Armor Plate, Shells 
and other Metal P are QUICKL 


ROTOBLAST 


Pangborn will have Air and Airless Blast 
Equipment at Cleveland Metal Show to 


demonstrate 


Two Air Blast Cleaning Cabinets, ideal for 
small requirements, and the Airless Roto- 
blast Barrel and Table will be exhibited at 
the National Metal Show in October. With 
a Pangborn all steel frame, cloth screen 
Dust Collector connecting the units, the 
Barrel and Table will be in constant opera- 
tion. Many various heat treated and other 
metal parts will be cleaned. Pangborn 


At Bottom of Steps in Lower Auditorium 


4i 
short-cuts 


in Cleaning. 


representatives will gladly explain the 
advantages and savings made possible by 
Pangborn blast cleaning and dust control 
equipment. 

If you do not go to the show it will be 
worth your while to get in touch with 
Pangborn by letter and we'll send you 
detailed information on your needs without 
delay. 


- Booth No. “F-22” 


COME IN AND SEE EQUIPMENT IN OPERATION. ASK QUESTIONS. 


_PANGBORN CORPORATION «+ HAGERSTOWN, MD. 
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The Fundamental Action — 
Transformation of Austenite 


By Thomas G. Digges 


Metallurgist, National Bureau of Standard: 


USTENITE, the condition in which a steel 
exists as a single phase, in most steels is 
stable only at an elevated temperature. In fact, 
the properties upon which much of the useful- 
ness of steel depends are intimately related to 
the decomposition of the austenitic phase at 
some temperature below that at which it is 
stable. Hence the importance of this transfor- 
mation, warranting the large amount of study 
which has been expended on it. 

The structure and hardness of a steel which 
can be hardened by quenching may be pictured 
as being dependent on the temperature at which 
the austenite transforms during cooling. It 
is known that the rate at which the steel is 
cooled during the quench is important only in 
determining how dow a temperature austenite 
can be cooled to before it begins to decompose 
(transform). If the austenite transforms at a 
relatively high temperature the product is 
coarse pearlite with a relatively low hardness. 
If the rate is sufficiently fast to cool the aus- 
tenite unchanged to a low temperature, its 
decomposition product is martensite and the 
steel is fully hardened. Intermediate struc- 
tures and hardnesses are obtained when the 
austenite decomposes in the intermediate tem- 
perature range. 

Much study has been given to the rate at 
which austenite must be cooled to prevent its 
transformation to pearlite — that is, to harden 
itfully. This rate is influenced primarily by the 
steel’s (a) composition, (b) grain size and (¢) 
homogeneity. 

Additions of alloying elements (including 
carbon) that dissolve in austenite usually retard 


Heat Treating 


and Finishing 


its rate of transformation to pearlite and thus 
contribute to deep hardening or to an increase 
in “hardenability”. 

The grain boundaries of homogeneous aus- 
tenite (that is, austenite in which carbon and 
alloving elements are in uniform solid solution 
and relatively free from inclusions) generally 
contain the nuclei that are effective in the initial 
transformation to fine pearlite (nodular troost- 
ite). These nodules grow radially towards 
the center of the parent grains. If the size of 
the austenile grain is large, the total surface 
area of the grain boundaries in a given piece 
of steel is smaller than though the average grain 
size were smaller, and the distance for the 
pearlite to grow is larger. It should be obvious 
that the rate of transformation of large-grained 
austenite to pearlite decreases with increase in 
the grain size. 

However, in steels containing non-homo- 
geneous austenite or a relatively large number 
of inclusions, the initial transformation of aus- 
tenite to pearlite is not always confined to the 
grain boundary region but often takes place in 
the interior of the parent grain and then pro- 
ceeds at various rates throughout the grain. 
Portions of the grain that are relatively impov- 
erished in carbon or alloying elements have 
higher transformation rates than do the por- 
tions rich in these elements. Inhomogeneity of 
austenite may be the result of rapid heating, 
too low a heat treating temperature, insuflicient 
time at temperature, low diffusivity of the alloy- 
ing elements——-to mention the main causes. 
For the steels containing non-homogeneous aus- 
tenite or a relatively large number of inclusions 
the size of the austenite grains is not always a 
true index to its transformation rate or hard- 
enability. This limitation to the importance of 
grain size should be borne in mind. 
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Induction Heating 
By Martin Seyt 


IGH FREQUENCY induction heating for 

hardening, at least in a tentative way, 
started almost as soon as induction melting. 
Some interesting early work was done by Ajax 
Electric Co. in 1928 at The Midvale Co. in Phila- 
delphia on the surface hardening of rolling mill 
rolls. Likewise production hardening of razor 
blade steel started about ten years ago at Gil- 
lette Safety Razor Co., Boston, in this manner: 
A long, small nichrome muffle was wound with 
copper tubes through which was sent 4800-cycle 
power from a motor-generator set, inducing 
current in the muffle and heating it. The pass- 
ing steel strip was therefore heated principally 
by radiation from muffle walls which were 
heated inductively; it was quenched between 
water-cooled blocks at the exit end. The 
method was highly successful, controlled con- 
tinuously and accurately by the magnetic char- 
acteristics of the hardened strip, and is now 
used exclusively for Gillette razors, some 18 
furnaces being installed. 

Lower frequency power, say the 1000-cycle 
current used in a melting furnace, has been 
used for heating larger pieces such as steel pipe. 
A similar application for tempering pinion 
shafts was in operation in one of the automo- 
bile plants several years ago. Currents ranging 
down to 60 cycles are now in use for heating 
restricted areas on small shafts, through and 
through, for hardening or normalizing, or for 
warming sleeves or gears prior to shrinking 
onto cold shafts. 

As is well known, the tendency of higher 
and higher frequency currents is to crowd 
themselves more and more closely to the sur- 
face of the conductor. It is possible, therefore, 
to heat (and therefore harden) nothing but a 
thin surface layer by holding the steel part 
within a coil carrying a current of the proper 
characteristics. Some six or seven years ago it 
occurred to the engineers of the Ohio Crank- 
shaft Co. that bearing areas could be so hard- 
ened, and the excellent service of the first trial 
shafts started a remarkable development of a 
new heat treating process adaptable to semi- 
automatic production schedules. Its advan- 
tages are that the equipment can be set in the 
machine line, it uses power only when it is 
needed, and heats only those portions of the 
part that need be heated. Heating is so quick 


and localized that a quenching spray must }y 
built into the inductor blocks; this may seem { 
be a disadvantage, but it insures that there is n 
delay in the quench. High speed heating also 
practically eliminates surface oxidation, and 
symmetrical heating greatly reduces warping. 
High surface hardnesses on unaffected cores 
frequently enable the metallurgist to reduce or 
even eliminate alloy content in the steel parts, 
and thus save large sums in cheaper steels. Pro- 
duction lines now are operating on all sorts and 
sizes of crankshafts, camshafts, tappet ends, 
universal joints, and connector pins. 

Applications are by no means confined to 
the automotive industry. In the manufacture 
of munitions, power at 1000 to 2000 cycles is 
used for heating a billet for the forging of shell. 
Heating is very rapid; for instance, two small 
tube-like “furnaces” will service a press mak- 
ing 3-in. shell, heating a 2'-in. bar to 2200° F. 
in 90 sec. High frequency power will also sur- 
face harden the finished projectile. All pro- 
duction operations such as the above are in 
sequence and automatically timed, so the attend- 
ant merely loads and unloads and presses a 
button. Some small parts are magazine fed 
entirely automatic. 

Motor generator sets are necessary for con- 
verting much power. Frequencies of 2000 and 
3000 cycles have been common. Quite recently 
10,000-cycle generators have become available, 
and this seems to be near the upper limit. Such 
high frequency power will give currents that 
hug the surface of a gear pinion so closely that 
the hardening follows the contour of the teeth 
almost as closely as in casehardened work. 

Very high frequency currents are now 
available from mercury gap converters, but 
such sets are limited to relatively small power 
(25 kw., perhaps) and non-continuous opera- 
tion because such a large proportion of the 
power put in must be radiated from the con- 
verters as heat. Equipment of this sort is valu- 
able for heating small parts; simple inductor 
coils conforming to the outer dimensions of the 
part to be hardened are easily made. Ordinarily 
the piece is held inside the coil a few seconds 
and then dropped into a quench, or quenched 
through the coil the instant the power is off. 
Timing and centering should be fairly accurate 
to get uniform results. 

An interesting and important variation 
promoted by Budd Induction Heating, Inc., is 
the internal hardening of such things as races 
in wheel hubs, roller bearing cones, and cylin- 
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der liners. A conforming coil is lowered into 
the bore properly arranged to throw an intense 
fluctuating field outside the coil, and this, in 
turn, induces heating currents on the inside of 
the surrounding steel part to be treated. 


Production Quenching 
By William J. Conley 


Professor of Metallurgy, University of Rochester 


S will be pointed out in the lectures at the 
forthcoming National Metal Congress, 
there are too many variables involved in 
quenching, the individual effects of which are 
not understood, to justify a statement of fixed 
rules. The variables encountered are such that 
the control laboratory, in insuring metal of uni- 
form chemistry, grain size and hardenability, is 
of prime importance in the uniform production 
of heat treated parts, even from the most care- 
fully mechanized operations. 

The common quenching mediums are 
water, aqueous solutions, oils, molten salts, gas 
and air. The last three materials seem to be 
growing in use. 

For the ferrous metals oil is by far the most 
common quench, the reason for this being that 
its temperature variations do not cause such 
serious fluctuations in the results as water 
quenches. The last cooling stage of steel is less 
rapid in oil, removing much of the danger of 
cracking. However, there is litthe agreement as 
to the desired qualities in an oil bath. In the 
same organization there may be disagreement 
about the merits of a given quench. One unit 
may be using one of the most highly recom- 
mended prepared oils while another will be 
using a cheaper byproduct from an oil refinery, 
‘ach one apparently achieving equally good 
results. A review of the variables (size, shape, 
temperature of metal, and temperature and cir- 
culation of oil) shows that this situation should 
not be so unexpected. 

An attempt to take advantage of residual 
heat in metal taken from the quench has led 
to many special operations usually designated 
as interrupted quenching. To be successful, it 
should be under very close control, timing being 
determined in the order of fractions of a second 
as a result of experiment. The most common 
quenching procedures are to water quench and 
then air cool or to water quench and oil cool. 

For constant temperature quenching, low 
melting metals, mixtures of metals, salts, or 
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mixtures of salts are used. Provision is made 
to keep the bath liquid, and at the required 
temperature by thermostatic control of the 
source of heat, which may be gas, oil or elec- 
tricity. The problem in this field is to provide 
corrosion-proof refractory containers. 

One of the variables, namely the tempera- 
ture of the bath, can be controlled as accurately 
as economically desirable. In fact, the degree 
of control must be determined before the quan- 
tity of quenching material can be chosen. Cool- 
ing of the quenching bath can only occur by 
radiation, either natural or artificial. Large 
baths cooling work only intermittently may not 
be circulated at all. In other plants the oil is 
pumped from the quench tank back into a large 
storage tank, from which the quench is con- 
tinually supplied, and radiation from pipes and 
storage tank is depended upon. Sometimes these 
pipes are built into the form of an air radiator, 
but such a scheme takes up a lot of space. 
Tubular heat interchangers are more eflicient; 
the cooling medium is ordinarily refrigerated 
brine where an ample supply of cheap cold 
water is unavailable. 

The fully automatic method for heat treat- 
ment is ideal for large scale production since 
‘ach step in the whole cycle from hardening 
furnace through the final draw can be synehro- 
nized. However, unless the work is of the same 
tvpe for long periods, wholly mechanical meth- 
ods may not be satisfactory. Also the kind of 
machine used for quenching will depend on 
whether or not atmosphere controlled furnaces 
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Except as noted hereafter, lines are reproduced 
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diagrams published in one of the Alloys of Iron Mono- 
graphs: “Alloys of Iron and Carbon,” Vol. I on Consti- 
tution, by Samuel Epstein. 
Delta iron region and solidus by Frank Adcock. 
Journal of the Iron and Steel Institute, 1937-I. 
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Solidus in Iron-Graphite System according to 
Kaya, Honda and Endo, Science Reports, Tohoku 
Imperial University, 1925 and 1927. 

Ar; according to Hoyt and Dowdell, “Metals and 
Common Alloys,” for cooling rates of 1° C. in 3 sec. 

Line GPQ according to J. H. Whiteley, Journal, 
Iron and Steel Institute, 1936. 

Solidus in graphite system left of E’ as suggested 
by Harry A. Schwartz. 
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are used for the heating and whether accurate 
control of the stock is available through chemi- 
cal and metallographic analysis. One finds a 
tendency to specify the finished parts accord- 
ing to physical properties, allowing enough tol- 
erance so that the steel mill can furnish metal 
at lower cost. 

Mechanisms commonly used for quenching 
(other than presses or clamps for individual 
pieces) utilize a chute leading from furnace to 
tank wherefrom the work is reclaimed by 
inclined conveyor flight or a power driven drum. 
Work on trays may be pushed along a Vee- 
shaped incline, or handled by elevators and sub- 
merged conveyors. Chute entrances are adapted 
for use with atmosphere controlled furnaces 
since the discharge end of the heating unit can 
be hooded through a vestibule directly into the 
bath. In this case special precautions must be 
used to circulate the oil in the hooded space. 

Individual quenching machines be 
arranged for any desired cycle of motions. Jets 
can be directed to locations requiring higher 
hardness, or to control warping. These methods 
must be worked out experimentally on uniform 
material. Uniformity of results and lack of dis- 
tortion is as much a function of proper oil flow 
as of die pressure, although the latter helps hold 
the work while it is still plastic. 

It is noted that there is a rapid growth in 
the use of special methods to produce localized 
hardening, differential hardening and _ rapid, 
accurately controlled heating. In these proc- 
esses the quenching action is determined to a 
great extent by the heating cycle, as illustrated 
by induction, flame and electrically heated 
liquid bath heating. The introduction of inex- 
pensive air hardening steels has made it pos- 
sible to have the part remain in the discharge 
vestibule directly connected to the heating 
chamber and containing the same atmosphere. 
Water cooling of this vestibule allows the piece 
to harden in controlled atmosphere or really in 
a gaseous bath; it may be called gas quenching. 


Hardenability Tests 
By Walter E. Jominy 


Metallurgy Dept., Research Laboratorie: 
General Motors Coro 


ARDENABILITY tests as applied to engi- 

neering structural steels are of such recent 
development that only a few metallurgists have 
had time to try out more than one or two of the 


proposed schemes. As a result, there is some 
confusion as to the particular test best suited to 
a given application, so perhaps a brief statement 
of the various tests will be a useful preliminary 
to this discussion. 

Probably the commonest and the one 
requiring the least equipment is the “immer- 
sion quench method”. It consists of quenching 
round bars, sectioning these bars and then mak- 
ing a hardness traverse across the section, 
While it appears to require no special equip- 
ment it has been found that for accurate results 
a mechanical quenching means is necessary. 
Further, when quenching in oil, surface seale is 
undesirable; this requires either heating in a 
non-scaling atmosphere, or copper plating and 
heating in charcoal or carburizing compound. 
For the deep hardening alloy steels this method 
is rather cumbersome because very large sizes 
must be used and these require long heating 
periods and are difficult to section. 

The “Burns, Moore and Archer method” is 
the application of the above method to a 1-in. 
round bar, water quenched, and its evaluation 
by a specific set of figures known as the “S-A-C” 
rating. Inasmuch as water is the quenching 
medium, moderate scaling can be endured and 
care in hand quenching gives good accuracy. 
This test is especially suitable for water hard- 
ening steels and cannot of course be used on 
steels which will harden through to the center 
when water quenched. It cannot therefore be 
used on most of the medium carbon alloy steels. 

The “Shepherd P-F test” which preceded 
any of the standardized methods was originally 
devised for high carbon toolsteels and is the 
same type of test as that of Burns, Moore and 
Archer. In the Shepherd test a *j-in. round 
is brine-quenched and sectioned, then etched 
with 50° aqueous hydrochloric acid to show 
the depth of hardness. Disks of stepped thick- 
ness may also be used; in either case the test is 
only useful for shallow hardening steels. 

“Grossmann’s method” is another applica- 
tion of the sectioning method in which several 
bars of different size must be hardened and sec- 
tioned in order to obtain the size of bar in which 
the center hardness changes abruptly with small 
changes in diameter. This bar size is called the 
critical size and is a measure of the harden- 
ability of the steel. This method requires more 
labor than the others but the resulting determi- 
nation is quite accurate. 

The “end cooling method” used in General 
Motors Research Laboratory is perhaps the 
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sasiest and quickest method for the informa- 
tion gained. It involves cooling a bar 1 in. in 
diameter and 3 in. long by spraying water on 
one face. The hardness is then measured along 
the bar from the water cooled face to the oppo- 
site face. The piece is so small that it can easily 
be heated in a container with cast iron chips to 
reduce scaling, and since water cooling is used 
scaling is not so important. Furthermore, a very 
uniform cooling rate is obtained at the water 
cooled face so that reproducibility is good. This 
test is well suited for alloy steels and for deep 
hardening steels. For shallow hardening steels 
the so-called “L” bar is used with cupped end 
(“L” indicating low hardenability). These two 
test bars are the only ones that can be used to 
measure the hardenability of carburizing steels 
in the carburized condition. 

Other bar shapes and tests have been 
devised and are used for individual cases. It 
should be borne in mind that we are really 
concerned with cooling rate, so that any test will 
probably be satisfactory if it gives the cooling 
rates required for the condition being studied. 

When examined critically each of the 
methods will be found to be better adapted for 
certain special applications than for others. 
The first thought in considering the test suit- 
able for a given set of conditions is whether the 
steel is of the deep or shallow hardening grade. 
The second consideration will 
be the size of the pieces to be 
tested. If the piece is around 
1 in. in diameter and the steel 
is a deep hardening grade, 
about the only test that can be 
used is the end cooling method. 
Immersion quenching a_ 1-in. 
round bar will harden it to the 
center, so no measure of hard- 
enability will be possible. If 
the steel is available in sufli- 
cient size the method of the 
immersion quench followed by 
sectioning the bar can, of 
course, be used. If the steel is 
1,-in. round or smaller it can 
be tested by turning it to 0.208 
in. and inserting in a standard bar for the end 
cooling test which has been center drilled ,’, in. 
in diameter to within ,'; in. of the water cooled 
face. The standard bar and the inserted sample 
are then heated to the proper temperature, 
cooled on the standard fixture and the insert 
removed and hardness measurements made 
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along the bar, the same as with the standard 
l-in. bar. 

If the steel is of the shallow hardening type 
and 1 in, round or larger, the hardenability may 
be measured by the Burns, Moore and Archer 
S-A-C rating, the Shepherd P-F test, the end 
cooled method using the modified end (“L” 
bar), or the immersion quench and cross-sec- 
tion method. The method of Grossmann may 
be applied to either shallow or deep hardening 
steels, but it appears much better suited to the 
shallow or water hardening steels. 


Carburizing Methods 


By O. W. McMullan 
Metallurgical Dept. 
The Youngstown Sheet & Tube Co. 


T= ECONOMIC EMPHASIS placed on both 

materials and methods during the past 
decade has demanded articles that give satis- 
factory performance for the least overall cost. 
The tendency to reduce costs by using cheaper 
steels has eliminated the factor of safety inher- 
ent in some of the higher alloy steels and has 
necessitated better methods and control of car- 
burizing and heat treatment. Properties of 
some steels now used are quite sensitive to case 
depth and microstructure. The fact that, under 
these circumstances, various car- 
burizing methods remain with 
us, indicates that all have cer- 
tain fields of usefulness. 

At present, the’ trend 
appears to be toward gas car- 
burizing, especially in continu- 
ous cycles. Several reasons 


might be advanced for this. 


Interest in controlled atmos- 
pheres has no doubt carried over 
into gas carburizing, and vice 
versa, and has resulted in the 
development of better equip- 
ment. Natural gas is the most 
suitable medium for gas carbu- 
rizing and it is more and more 
widely available. The process is 
cleaner, lends itself to production line instal- 
lation, and saves inventory of compounds or 
salts. The development of fine-grained steels 
has led to an increasing amount of direct 
quenching for which the continuous gas carbu- 
rizing process is especially suitable. Close con- 
trol of the process is necessary, but with such 
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control it is possible to get 
good uniformity pro- 
duce a desired carbon con- 
tent in the case. 

Since carburizing is 
but one step of the case- 
hardening process, it cannot 
be considered completely 
apart from the equipment. 
This is especially true since 
some recent installations 
have been more-or-less 
automatic units to turn out 
work in the carburized, 
quenched, washed and 
drawn condition. Such 
casechardening equipment utilizes gas carburiz- 
ing. In some installations, the carburizing 
chamber is refractory lined instead of being an 
alloy retort. In the former case, each burner is 
fired into an individual muffle. Rather than a 
reduction in the amount or cost of alloy, the 
advantage claimed is an aid to production since 
the time for changing a small muflie is much 
less than for a large retort; burner muffles 
(radiant tubes) can usually be changed over the 
week end. 

Conventional pack carburizing continues in 
wide use. It is the most satisfactory method 
where lack of equipment and experienced 
supervision may more readily produce highly 
unsatisfactory work by other methods. It is the 
most flexible process for intermittent work, as 
far as furnace equipment is concerned in the 
small shop, since the same furnaces may be 
used for other work. Refinements of this 
method in the larger installations have not been 
lacking in both batch and continuous furnaces. 
One inherent difficulty in carburizing in large 
containers has been the variation in case depth 
due to variation in time at heat caused by the 
insulating effect of the compound; thin walled 
containers, conforming to the shape of the piece 
carburized and containing much less compound, 
have provided satisfactory solutions of this dif- 
ficulty in some cases. For certain types of work 
at least, the pack method presents more diflicul- 
ties in direct quenching than does gas carburiz- 
ing. Some of these difficulties are in removing 
work from containers, cleaning work before die 
quenching, and maintaining all the work from 
one container at a constant temperature until 
quenched. 

Oil is successfully used for carburizing in 
smaller batch type furnaces. Two essentials 
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for uniform carburizin 

by any method are th 

maintenance of relativel 
clean surfaces (free fron 
coke deposit) and good 
circulation of active carbu- 
rizing gases over all sur- 
faces. Forced circulation of 
the vaporized oils makes 
this method especially suit- 
able for basket loads, or for 
‘acks of many small pieces 
closely spaced. 

The old cevanide baths 
have been often modified, 
usually with the idea of 
vetting deeper cases in shorter time. (While 
nitrogen is added to the case as well as carbon. 
the baths are commonly held at higher tem- 
peratures where carbon penetration predomi- 
nates, hence the process may be considered as 
a carburizing method.) Work produced might 
be divided into two chief classes. One is usually 
of low carbon steel where the requirement is to 
resist wear on small parts or where unit pres- 
sures are low. The other is to produce a highly 
wear resistant skin on a medium carbon steel, 
wherein the hardened core provides support for 
high unit loads. The most prominent applica- 
tion of the latter is for gears; it usually involves 
a minimum of heating time and produces a 
superficial hardness rather than a controlled 
case depth. Special baths have been developed 
for intermediate case depths, 0.010 to 0.030 in. 

Attempts have recently been made to sub- 
stitute other methods for molten bath carbu- 
rizing. One of these is low temperature gas 
carburizing followed by a direct quench. The 
tendency for a high carbon surface layer to 
form at low temperatures brings about the pos- 
sibility of a file soft skin (“friable” would prob- 
ably be a better term than “soft”), especially on 
steels containing chromium which are subject 
to carbide concentrations on the surface. Drv 
evaniding, or heating in gases containing both 
carbon and nitrogen with ammonia as the 
source of nitrogen, is said to give better fatigue 
life than molten bath cyaniding, but further 
data are needed to confirm those results. 

The carburizing process takes place in two 
stages: (1) A chemical reaction which supplies 
carbon in an active form at the surface of the 
steel and (2) physical diffusion of the carbon 
to the required case depth. With relatively 
clean surfaces and good gas circulation, carbon 


Page 426 


od 
AP | 
4 
| 
| 
1 
} 
1 
bs 
| 
it 
Fi 
| 
va 
ha 
1 
| 
“lt 
Toke 
eet 
| 
ip 
i 
Hes 
| 
ot 


can be supplied to the surface faster than it will 
diffuse. Diffusion depends on time, tempera- 
ture and steel composition. Future develop- 
ments in any of the methods, therefore, may be 
expected along the lines of reducing heating 
up time (keeping down the gross weight of 
boxes, trays and volume of compound), and in 
equipment and handling methods. Probable 
developments in continuous cycles, including 
heat treatment where direct quenching is used, 
appear to be of a mechanical rather than a 
metallurgical nature. Steels of higher alloy 
content, however, retain too much austenite on 
direct quenching and do not develop the best 
surface structure and physical properties. 
Recent tests have indicated that good proper- 
ties and structures can be developed in such 
steels by cooling to some intermediate tempera- 
ture before reheating to quench, thus saving 
time and reheating costs over those required in 


reheating from nearer room temperature. 


Flame Hardening 


By Jonn J Cro 
Assistant to Vice-President 
Air Reduction Co 


From A FAD which swept across the country 

a few vears ago, flame hardening has now 
found its niche and is firmly entrenched as an 
economical method of heat treating, applicable 
to parts which because of size, shape, or other 
restriction cannot be readily hardened by the 
older conventional furnace methods. 

Experience with many differing applica- 
tions of flame hardening has resulted in a stand- 
ardization of apparatus. There are now 
available, as standard equipment, torches and 
tips for many sizes of gear teeth up to 1 diame- 
tral pitch, for flat surfaces up to 12 in. or more 
in width and for both external and internal 
rounds up to approximately 12 in. in diameter. 
Equipment for larger sizes can be manufactured 
in a relatively short time. 

This standardization of apparatus has elimi- 
nated the long delays incident to obtaining 
custom built equipment. The latter is now 
required only for special applications, such as 
automatic hardening machines or for unusual 
shapes. 

Flame hardening of the larger sizes of gears 
has, from the beginning of the revival of the 
process, constituted a major use, but lately the 
hardening of bearing surfaces on shafts, crank- 


shafts, and cams has been going forward at such 
a rapid rate that it may soon exceed the tonnage 
of gears so hardened. 

In the rapidly expanding machine tool 
industry, the importance of hardening the cast 
iron surfaces subject to wear —— such as ways on 
lathe beds —— has long been recognized. As the 
only practical method of accomplishing this is 
by flame hardening there has been a decided 
increase in this practice. Also in this same 
industry the use of the process has been 
extended to other parts, such as feed screws, 
cams, and similar parts which are not made of 
cast iron. As a result of several painstaking 
investigations by metallurgists in the machine 
tool industry, flame hardening is rapidly evolv- 
ing from an uncertain art and is becoming a sci- 
ence in which the hardness and depth of 
hardness for various compositions are accu- 
rately predictable. 

Localized hardening of wearing surfaces on 
parts made of malleable iron, by means of the 
oxy-acetvlene flame, is readily accomplished 
and because of the increasing use of malleable 
iron in the automotive industry this application 
nay soon assume a place of major importance. 

Many of the wearing parts of the army 
tanks being manufactured in connection with 
the national defense program, such as sprocket 
wheels, are now being flame hardened. Labora- 
tory experiments indicate favorable probabil- 
ities of extending flame hardening to materials 
classified as ordnance. 

While some carburizing and hardening of 
the lower carbon steels is being done with a 
flame operated with an excess of acetylene, the 
possibilities in this field, like that of the field of 
flame softening. have not as vet been fully 


explored. 
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Hardness Conversion for Hardened Stee! 
By Howard Scott and T. H. Gray, Westinghouse Electric & Mfg. Co. 


Rockwel/ Hardness Brinell Hardness 
Superficial Sy 10-mm. Ball, 3000-kg. Load 
e~ S| (From Wilson Mechenice/ £ Stee/ DPN 900 
| S28 | instrument Co Chertno38)| | See | Ball 48 M. Metels 
CBX] BOS | ce Handbook, 1939 Fa, p.113) x 
Q GB S @ | Aardness | Diameter | Hardness | Diameter | Hardness | Diamet 
& Scale} 8~ | Number inmm. | Number inmm. |\‘Number | inmm | & 
DPH Ro R, 1S-N | 30-N | 45-N So/ Mon BHN mm BHN mm. BHN m. |TSx108 | 
54 — —I— 45 18 4 
= = 74 — 30 44 27? 365 = =. = 
+—300 —+—30 284 360 265 —— 360 293 3.58 
—+— 36 634 AS 56 — 8 35 341 330 
555 260 534 265 290— 
= 76 —— 78 578 
= — Thickness of Stock Required for Accuracy 
= = 61 got 905— 29 i— 66 235 (Ten Times the Depth in Inches: 
= DPH Ro | IN | 45N | BAN 
= 230 200 | Q017 | 0.038 | 0072 | 0015 | 0040 6 
644 —_ 935 81 99 300 | 0014 | 0031 | 0059 | a012 | 0032 5 
= — — 2—— 400 | 0.012 | 0.027 | 0050 | 0.009 | 0.026 | 0.098 
= = 65 &— 90 AO 225 500 | 0.011 | 0.024 | 0044 | 0.007 | 0022 | 0080 
= oS — = = — 4—— 9, _F 100-4 700 | 0.0092 | 0.020 | 0.033 | 0.905 | 0.016 
95 102 800 | 0.0086 | 0.019 | 0030 | 0.004 | 0013 
— 900 | 0.0081 | 0.018 | 0.027 | 0003 | 0012 
— 54 — = 1000 | 0.0076 | 0.017 | 0.025 | 0.003 | 0.010 
= — = 27° —E roo Monotron tests at ell hardnesses can be made on 
79 — 865 775 10 Q018-in. stock. Scieroscope numbers vary with size; 
= = = S664 given are for 1-in. pieces 


In operating any test 
facturer’s instructions and check frequently 
against test blocks. Major causes of discrepancy: 
(a) decarburized skin, (b) specimens too thin, (c) 
off-standard indenters, (d) inaccuracy of machine. 

Above conversions are for steel, irrespective 
of composition and structure, up to its maximum 


machine, follow manu- 


hardness, and for any other material having about 


30,000,000 psi. elastic modulus, uniform in depth 


DPH - 


from DPH.) 


to bottom of impression. 
Rockwell test values for shallow hardened steel 
may be 1 or 2 points higher than by conversion 
For sintered carbides (DPH 900 to 
1700) with much higher modulus the relations 
between DPH and Re may be computed from 
2.445 x 10° 
(B— Re)? 
carbide (120 for steel). 


(An exception is that 


wherein constant B is 118 for 
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Nitriding 


By Victor O. Homerberg 


Professor of Metallurgy 
Massachusetts Institute of Technology 
Technical Director, The Nitralloy Corp. 


HE PRESENT BIG DEMAND for aircraft 

engines has greatly increased the use of 
nitralloy and the nitriding process in the air- 
craft industry. One aircraft engine manufac- 
turer uses this steel for several hundred parts, 
one of the most important of which is the cyl- 
inder barrel or sleeve. 

In view of this increased demand, the pos- 
sibility of decreasing the time of nitriding to 
procure satisfactory results has become a desir- 
able problem for investigation. Various cyclic 
treatments have been recommended and tried 
but without obtaining the anticipated results. 
This problem is being studied in detail and 
from preliminary results that have been 
obtained it is believed that it can be solved. 
A proper balance of times of exposure at the 
proper temperatures is being correlated with 
the rates of diffusion at these temperatures. 
Since the mechanism of nitrogen hardening is 
quite well understood, it should be possible to 
procure diffusion without suflicient agglomera- 
tion of the nitrides to soften the part. 

In nitriding, a thin white layer containing 
over 10° nitrogen is procured on the surface. 
This layer is somewhat brittle and is not so 
hard as the case immediately underneath where 
the nitrogen content is about 3°°. Prevention 
of this white layer is therefore desirable, in 
order to procure a hard case with maximum 
toughness. This represents another problem 
that is being investigated. The extensive 
research program that is now being conducted 
at Massachusetts Institute of Technology prom- 
ises to give results of 
great value. 

The textile machin- 
ery field represents a 
potential big user of 
nitriding steels and the 


nitriding process. Intro- 
duction of new textile 
fibers, and operation 
of the machines at 
increased speeds, require 
better wear resisting 
materials. Instead of a 
nitriding temperature of 
975° F., which is most 


commonly used, a temperature of about 940° F. 
is required to produce the best hardness. Also, 
the steel used by the aircraft companies should 
be employed for most textile machinery appli- 
cations for best results. This steel contains 
approximately carbon, 1.605 chromium, 
1.25%) aluminum and 040° molybdenum. 


Heat Treatment of Cast lrons 


By Garnet p Phillips 
Chief Metallurgist, Automotive Foundry Div n 


International Harvester 


Hr TREATMENT of cast iron, other than 

malleable, is such a large subject that one 
can only note a few items in small space. 
Diverse as are the possibilities it must be admit- 
ted that most iron foundries do not as yet prac- 
tice the art. 

Heat treatment for relief of internal strain 
of gray iron castings is done more generally, 
particularly to castings subjected to varying 
temperatures in service. While such heat treat- 
ment has been common practice for years on 
certain castings, its extension to others used in 
automotive service is increasing due to the 
increased power output of engines with increas- 
ing amount of heat generated. 

Hardening of castings is a field where a 
variety of techniques are possible. The use of 
conventional oil quenching and drawing con- 
tinues with a widening field of application. 
Flame hardening, particularly on heavy sec- 
tioned castings, is being used and will probably 
be used more extensively, although variable 
results and surface checks are not rare. Nitro- 
gen hardening is not done very often on cast 
irons, probably due to difficulties encountered 
in obtaining sound castings of the necessary 
alloy compositions. The 
recent introduction of 
induction hardening of 
gray iron castings with 
high frequency electrical 
currents may be widely 
extended, particularly to 
engine cylinder sleeves 
and liners. More and 
more hot quenching is 
being done on suitable 
thin sectioned castings 
where maximum hard- 
ness and toughness are 


desired; as experience is 
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gained the process will probably be more widely 
used and lead to further research on metal com- 
positions best suited to its application. Air 
hardening of suitable and fairly highly alloyed 
irons continues to be done in a rather limited 
way on castings where the cost of the alloy is 
justified by the otherwise fairly low cost heat 
treatment. 

Annealing of gray iron castings for soften- 
ing and frequently for both softening and stress 
relief continues in use in somewhat increasing 
volume. Practically all castings that are to be 
machined and hardened are first given either 
a stress relief heat treatment or an anneal prior 
to machining. In addition numerous castings 
which are not required to have wear resistance 
are annealed to obtain maximum machinability. 

In general the hardening of castings for 
increased wear resistance is the field receiving 
the major share of attention and study, due to 
the increasingly severe service requirements of 


first-grade gray irons. 


Rubber Coatings on Metals 
By H. E. Cook 


General Supt. of Engineering 


The B. F. Goodrich Co. 


ITH the countless new developments and 
increased knowledge of stainless steels 
and the numerous non-ferrous, corrosion resist- 
ant alloys, many development, production and 
maintenance men now think only in terms of 
metals when problems of corrosion or abrasion 
confront them. However, there is another 
material, rubber, which when properly applied 
to the production problem in hand may give a 
far longer life at lower original cost and main- 
tenance. Its application to industrial produc- 
tion, when bonded with and vulcanized to metal 
parts, has been accomplished only since 1924. 
It was then that the process known as “Vulca- 
lock” was developed by chemists of The B. F. 
Goodrich Co. Today few of the chemical or 
processing industries but have successfully used 
rubber covered parts to overcome corrosion or 
abrasion problems or combinations of both. 
Just as it is true that there is not any one 
stainless steel or alloy or metal coating which 
will be suitable for all uses, so too is it true that 
there is no one rubber compound which will fit 
all the needs of industry. It is safe to say thal 
no two installation problems are alike. How- 
ever, when the conditions of service are accu- 


rately known by the manufacturer, vulcanize: 
rubber can be compounded to resist actua 
immersion for long periods in any of the inor 
inic acids (except those of strongly oxidizing, 


character). The same is true of nearly al! 
inorganic salts and alkalies, and to a somewha! 
more limited extent of commercial organi 
materials. The development of synthetic rub- 
bers, with their modified properties, is also 
somewhat broadening the field of use. 

Unlike metals, properly compounded rub- 
ber linings do not dissolve in the common cor- 
rosive chemicals but may gradually deteriorate 
by age, heat and chemical reaction. They last 
almost indefinitely unless physically abused. 

Rubber does not possess the physical 
strength to be used structurally; ordinarily 
parts are first made from metals and then coy- 
ered with the properly compounded rubber. 
However, some hard rubber parts such as pipe 
and rods may be made entirely of rubber when 
they will be only lightly stressed. 

Rubber linings can be and have been suc- 
cessfully bonded to many different structural 
materials. There are few cases, however, in 
which mild steel is not the logical choice 
because of its low cost, ease of fabrication, 
strength and rigidity, its adaptability to a wide 
variety of structural and process requirements 
and its easy repair. If one must bond rubber 
to alloys other than steel, the manufacturer 
should be consulted, as there are some limita- 
tions; alloys of high copper, lead, manganese 
or silicon content are generally to be avoided. 

Rubber coatings may be applied by the 
anode process, the Vulcalock process, by spray- 
ing, or the brass plating method which involves 
mold curing. When large production of small 
parts is contemplated the anode process is 
usually the one preferred, but when tanks or 
large objects are covered the “hand Vulcalock” 
method is used. In this a sticky, unvulcanized 
sheet is pressed down by hand on a sand blasted 
and cemented steel surface and the completely 
covered article vulcanized. Both processes 
have been highly successful and adhesions 
exceeding 500 psi. are obiained. Coatings are 
usually applied by the manufacturer in his own 
plant but they have been applied and vulcanized 
at customers’ plants. Damaged linings may be 
successfully repaired in the field. 

A few of the successful applications are 
tank cars, storage and pressure tanks, pipe and 
fittings, fan housings and blades, agitators, 
pumps, rubber tracks for tractors, motor mount- 
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ings, bumper blocks, vibration dampeners, and 
water lubricated bearings for boat propellers. 
Hydrochloric acid and numerous chlorides are 
most difficult to handle in bare metal contain- 
ers, vet rubber lined equipment is very success- 
ful. Other interesting uses are for pickling and 
plating tanks, fume ducts, leaching and evapo- 
rating equipment. Ash handling equipment is 
rubber coated for its combined resistance to 


acid and scour. 


Plating of Aircraft Parts 


By George E. Stoll 
Chief Chemist & Metallurgist 
Bendix Products Division; Bendix Aviation Corp. 


HROMIUM is popularly thought of as the 

bright final plating on metals for protection 
and decoration. Not as well known is its func- 
tional use in the landing gear of airplanes. 

There are parts on the very important land- 
ing gear that require protection from corrosion 
and wear resistance. These parts are made of 
S.A.F. 4135 steel, heat treated to Rockwell C-39 
to 42, having a tensile strength of 180,000 to 
200,000 psi. and an elongation of 13° in 2 in. 
This hardness is not suflicient to withstand the 
wear encountered, and if the steel is heat 
treated to a higher hardness, the impact values 
will be reduced too much. Plating these parts 
with 0.003 to 0.005 in. of chromium gives the 
corrosion protection and the hard surface 
needed for the functioning of these parts. 

The technique required for this type of 
work is different from the usual decoration 
job which is usually a triple plate. The chro- 
mium is deposited directly on the cleaned steel 
parts at a higher current density and at least 
100 times as thick. 

Bright zine plating has received consider- 
able publicity in the past few vears but very 
little has been published on the advantages of 
a chromate dip for these zine plated parts. This 
process consists of plating the steel parts in con- 
ventional zine cyanide solution, followed by a 
rinse. The parts are then dipped in a solution 
of sodium dichromate, sulphuric acid and water. 

This process was introduced by Truespa.t 
and Witnetm of the New Jersey Zine Co. and 
materially improves the corrosion resistance of 
the zine plate. The dip forms a visible film on 
the zine, a greenish brown color tending to 
display iridescence. It will increase the salt 


spray resistance by more than 50‘. 


Bright Plating 


By F. F. Oplinger 
Assistant Manager, Electroplating Division 
| du Pont de Nemour: >. 


RIGHT DEPOSITS from electroplating solu- 
tions have made a great deal of progress as 

a production tool during the last decade. 
So-called bright deposits have been obtained 
for many years, but they were limited to very 
light weight coatings and to only a few of the 
metals commonly plated. Now most of the 
common metals——cadmium, zine, copper, 
nickel, chromium and silver 
deposited in bright lustrous condition to 
almost any normally desired thickness on vari- 


are being electro- 


ous types of base metal. To the average well- 
informed plater, the production of bright 
deposits is no longer a mystery and he is 
familiar with the various means for securing 
them. It is a requirement of his job. 

Bright deposits are produced from most 
plating solutions principally through the use of 
organic materials. Formerly, improved results in 
plating baths were obtained by the help of com- 
plex materials whose composition and structure 
were mainly conjectural. Control was generally 
diflicult and frequently impossible. Modern 
methods now call for the use of well-defined 
organic chemicals whose formulas and constitu- 
tion as well as physical properties are definitely 
known and many of which can be regulated 
accurately by means of chemical analysis. 

Impurities in plating baths, whether organic 
or inorganic, must also be carefully controlled. 
Definite evidence shows deleterious effects of 
impurities present in amounts as small as two 
or three parts per million. Organic material 
may have a very beneficial effect when present 
in one part per million or even less, 

Truly it can be said that the production of 
bright coatings has caused electroplating to be 
placed in the category of an exact science. 

The cost per pound of various organic 
brighteners is frequently quite high, but this is 
usually offset by the fact that a small amount 
goes a long way so that the gain from using the 
brightener is generally far greater than the 
added cost of using it. 

Nickel Plating — The outstanding example 
of the importance of bright deposits is in the 
field of bright nickel plating. Almost unheard 
of only a few years ago, at present a major per- 
centage of nickel plating is done in bright plat- 
ing baths. Great economies (Turn lo page 434) 
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Transformation of Austenite in 0.78% Carbon Stee 


at Constant Sub-Critical Temperature 
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1200 t = 
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RC 31 600 
1100 


1000 


900 


800 
400 
700 
600 
300 
500 
(Unstable) 
400 4 200 
500 
100 
200 
BHN 653 
RC 65 
as 4 
100 BHN 62? 
RC 64 
Imin. fhour day tweek| tmonth| 
O Li | 
1 10 102 105 104 105 106 


*S” Curve and Micros (at 600 Diameters) by Research Laboratory, U. S. Steel Cor} 
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Transformation of Austenite in 41140 Alloy Steel 


at Constant Sub-Critical Temperature 


| | } 0. 
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Curves and Micros (at 600 Diameters) by Research Laboratory, U8 Stee/ Coro. 
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have been effected through the elimination of 
polishing and bufling. Heavier and more uni- 
form deposits are being produced. Thus, arti- 
cles with intricate shapes and designs are now 
frequently plated at lower cost and in a far 
more satisfactory manner than was previously 
possible. 

Well-defined organic chemicals are widely 
used to produce these effects, definitely con- 
trolled through chemical analysis. 

Cadmium Plating -Cadmium plating has 
been used on a large commercial scale, particu- 
larly during the last 15 years. It was not long 
after its introduction that bright coatings were 
produced commercially by means of a variety 
of organic materials. Frequently, also, the 
bright deposits so obtained are further improved 
by “bright dipping”, which consists of brief 
immersion in dilute solutions of oxidizing acids. 

Deposits of cadmium from solutions con- 
taining brighteners usually have a finer grain 
structure than dull matte deposits, but the 
main benefit comes through greatly improved 
appearance and tarnish resisting qualities, so 
that bright cadmium deposits are now widely 
used for decorative purposes. 

While considerable progress has been made 
in the last few years on new brighteners for 
‘admium plating, the most important improve- 
ments have been made in the methods of using 
them, based on the fact that a definite relation- 
ship exists between sodium 
evanide and brightener con- 
sumption. Brighteners are 
usually of a complex nature 
and are not generally deter- 
mined directly by chemical 
analysis. The average plater, 
however, produces excellent 
and consistent results over long 
periods of time. 

Zine Plating — Up to very 
recently almost all zine 
deposits were dull matte and 
frequently very unattractive. 
Purification of solutions led to the discovery of 
suitable brightening agents. Bright zine solu- 
tions are very simple to control, now that the 
basic principles are understood. Zine continues 
to be mainly a rust-proofing rather than a deco- 
‘ative metal, and appearance so far as bright- 
ness is concerned is often wholly unimportant. 
However, when low cost decorative and rust- 
proof coatings are required, bright zine coat- 
ings are extremely useful. They are produced 


directly from the bath, as is the case with ¢ 
mium,. Dilute solutions of oxidizing acids a 
are used to improve luster and increase tarn 
resistance. 

Another importance of bright zine platin 
is that, prior to its advent, the composition « 
solutions in many plants varied quite widely 
Bright zine plating clarified this situation so tha 
solution, composition and control methods j: 
many plants over widely scattered areas ar 
now virtually the same. 

Copper Plating — Bright copper deposit: 
(very light weight flash coatings) have been pro 
duced for many years. Only recently has i! 
been possible to brighten heavy coatings, mainly 
through improved technique involving constan| 
temperature control, uniform solution agitation 
and organic and inorganic addition agents. 

Bright copper plating is also important! 
because the uniformity and luster of subsequen| 
bright nickel deposits is improved. <A_ great 
many ills common to copper plating, such as 
anode insulation, cvanide decomposition and 
high cost, have been greatly minimized or 
eliminated. 

Silver Plating — Silver plating practice has 
not varied much for a long term of years. 
Analytical and control methods have not varied 
greatly in the last decade. Semi-bright deposits 
by means of organic addition agents have been 
produced for many years under conditions gen- 
erally well known. 

The importance of bright 
coatings is mainly in the ease 
of buffing. Very light butting 
with consequent low meta! 
loss produces the high finish 
required on silverware. 

Chromium Plating — Chro- 
mium plating, since its intro- 
duction a few years ago, has 
commonly been done bright. 
Dull deposits can be produced 
but are not widely used. Chro- 
mium is mainly used for deco- 
rative purposes although there is considerable 
“hard chromium” deposited on tools and dies 
for wear resistance. 

This section of our subject is of interest in 
another way, because the advent of bright chro- 
mium plating aroused great interest among 
platers and chemists. It is largely responsible 
for subsequent production of bright coatings of 
the other metals and improvements in methods 
of chemical control of plating operations. 
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Developments in Surface Finish 


By John M. S. Hutchinson 


Production Research Division, Chrysler Corp. 


and John M. Lessells 


Massachusetts Institute of Technology 


| iow PROBLEMS involved in the study of sur- 

faces are of a very fundamental nature. The 
phenomena of friction, corrosion and _ the 
behavior of lubricants are far from being 
explained theoretically. For the past few years 
these problems have received attention in all 
parts of the world from both theoretical and 
practical viewpoints. From the latter viewpoint 
surface problems may be classified as pertain- 
ing to sliding surfaces, static surfaces or cor- 
rosion resistant surfaces. 

Superfinish and Co-Directional Finish 
Reduction of friction and wear have been 
recently accomplished by several interesting 
developments to which the Chrysler Corp. has 
contributed much. This process known as 
“superfinishing” has made engineers conscious 
of the importance of surface in obtaining 
greater load bearing capacity. Improvement in 
the surface by increasing the actual area of 
contact also greatly improves the frictional heat 
transfer and dissipation. From this has devel- 
oped the common engineering practice to finish- 
machine parts in the final operation by honing 
in a direction which they will eventually work. 
For example, aero-engine cylinder bores obtain, 
in the last phases of bore finish, a certain num- 
ber of strokes in an axial direction. Hence has 
developed our present habit of speaking of 
“controlled finish”. 

Plating of Bearing Surfaces — Probably the 
best class of materials developed to date for 
aero-engine main bearings are of the copper- 
lead type containing small percentages of either 
silver or tin as alloving elements. It is gener- 
ally accepted that their performance is much 
improved by coating with either lead or indium, 
or lead and tin. New X-ray tubes with rotating 
target use a film of barium, vaporized on the 
steel ball bearings, as a “lubricant”. The under- 
lving reasons for these very definite advantages 
are not clearly understood, but there is no doubt 
these benefits are all associated with surface 
phenomena. 

Plating of Fitted Surfaces — The recent 
work of GovGH and others has shown us that 
in the case of closely fitting surfaces, such as 


ress fits, a form of corrosion called “frettage 


corrosion” is always liable to develop and is 
independent of the materials used. Its cause 
is not vet clearly understood, but it also is defi- 
nitely a surface phenomenon. It is liable to 
occur in all classes of machine parts where 
press fits are adopted. In ball or roller bearing 
applications some benefits are obtained by cop- 
per plating the mating surfaces (which again 
emphasizes the importance of the surface). 
Effect of Finish on Fatigue Strength — It is 
generally understood that the fatigue strength 
of machined parts depend on the degree of sur- 
face finish. It is therefore to be expected that 


the improved finish obtained by “supertinish- 
ing” must add to the strength of a machine parts 
when subjected to ceveclic stresses. 

Shot Blasting and Roller Burnishing are 
comparatively new developments whereby the 
surface layers are subjected to a definite amount 
of cold work. The mechanism is not clearly 
understood but increased fatigue strength must 
be due to a favorable residual stress resulting 
from the shot blasting. In this case the surface 
is actually more rough than prior to treatment 
but the strength is greatly increased; in the case 
of coil springs this increase, as measured by 
stress range, may be as high as 100%). Roller 
burnishing of such inner surfaces as the dia- 
mond-bored barrel of a gray iron shock 
absorber cylinder is done by pressing the piece 
over a set of rapidly rotating rollers that 
increase the internal diameter about 0.001 in. 

Electrolytic Etching — Smooth surfaces can 


be produced by electrolytic etching or “de-plat- 
ing”. This method is still being developed, but 
more will undoubtedly be heard of its uses. 

Phosphorus Compounds — Another recent 
development makes use of a phosphorus com- 
pound which forms iron phosphide with the hot 
iron at points of metallic contact. The iron 
phosphide allovs with the iron, reducing the 
melting point. The asperities can then melt 
locally without causing general scoring of the 
mating surfaces. This is probably akin to the 
action of the extreme pressure lubricants; by 
action of the oil the metallic surfaces are pro- 
tected against scoring and can thereby sustain 
greater loads without damage than with ordi- 
nary lubricants. 

Other Methods — These can be mentioned 
as Parkerizing and Bonderizing, and involve 
chemical coatings on the rubbing surfaces. 
These coatings minimize the scoring and wear 
in the event of oil film rupture. 
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L THE steel treater who 
appreciates the importance of using high 
quality chemicals of dependable uniform- 
ity, du Pont products offer worthwhile 
advantages. They help to maintain 
manufacturing schedules along prede- 


termined lines of quality and cost. 


Fach du Pont chemical is manufac- 
tured carefully to meet the requirements, 
to give the expected results in service. 


Manufacture is supported by a program 


“Cavalcade of America” — 


of research and product development — 
to produce continuous improvement in 
quality, to lower the cost of the chemical 
and to produce better products for new 


requirements of the industry. 


With these products made under strict 
chemical control, production is made 


And for 


their useful application, du Pont offers 


‘asier and more economi ral. 


the skillful assistance of experienced 


metallurgists. 


back on the air — every 


ednesday 7:30 P.M. ELS. T. Nation-wide Network 


The R. & H. Chemicals Department . 


a. DU DE NEMOURS & 


Newark, Sew York, Philadelphia, Pittsburgh, San Francisco | 


_ Wilmington, Delaware 
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Production Aids FOR BUSY MEN & MACHINES 


‘arts for pumping engines are here being Hon 
pered with extreme uniformity in ee new heat- 


eat department of Hale Fire Pump Co., Consho 
hocken, 


Parts tempering in mass-production lots 
is one of the processes which may sound 
easy and actually be difficult. If you find 
it so, why not turn to Homo Tempering 
Furnaces. They were the original forced- 
convection furnaces, and as made today they 
have but one purpose—to temper on a 
strictly non-rejection basis, regardless of 
how rigid the quality standards may be. 
See Catalog T-625, or send for an L&N 
engineer. 


{ re-anneals and even rejects of forgings 
prevented when press operat 
t er re with L&N Optical Pyromete 


Forging temperatures, and tapping and 
pouring temperatures of turnaces, converters, 


cupolas, ladles, ets., are measured accurately 
and easily by the new (potentiometer-type) 
L&N Optical Pyrometer. See Catalog N-33D. 


LEEDS & NORTHRUP COMPANY, 


Described here are a few of 
the hundreds of ways in which 
L&N instruments and furnaces 
can help the metal-making and 
metal-using industries to step 
up their production. If you see 
anything that interests you, send 
for its catalog; if you think we 
can help in some way not men- 
tioned, give us details and we'll 
cooperate fully. Instruments 
are helping many a plant to 
climb an unaccustomed peak in 
production. 


Control of a 3-zone wire-patenting furnace’s tem- 
per ture lw thin str line lir t« by 
three M T iX Py meters, of W h this is one 

A quick way tc improve the cperation of 


almost any industrial furnsce is to equip 
it with a Micromax pyrometer. The equip- 
ment suits big or small furnaces, continu- 
ous or box types, fired with any fuel or 
heated electrically. 

The responsiveness of the Controller en- 
ables it to act more quickly and speedily 
than even the best operator can act; its de- 
pendability is outstanding. Every other fac- 
tor in furnace operation has a better chance 
to reduce costs and increase production, when 
Micromax controls the temperature 

See Catalog N-O0A, or, if vou have a 
specific problem, ask for an L&N engineer. 


This unusual-looking thermocouple is a 
“Ravotube”. It replaces a couple under cet 


Wes 
Ex 


amples: brazing, smelting). (2) When tem 


tain conditions: (1) When furnace g: 
either corrode or “poison” a couple | 


perature is so high that a couple is insensi 
tive and couple maintenance objectionable 
(Examples: soaking, melting). 3) When 
object moves and a couple can't be used 
(Example: rolling). (4) When furnace ro 
tates (Examples: heat-treating, calcining 

(5) When temperature of the furnace charge 


| rather than of furnace atmosphere, is to b 


measured (Example: parts hardening). (¢ 
Where vibration breaks a couple (Exam pl: 
forging). 

To measure, record and control the tem 
perature detected by Ravotube, one may use 
Micromax Strip-Chart Pyrometer, or Round 
Chart Micromax, or Indicating Controlling 
Micromax, or Speedomax, or portable Indi 
cator. See Catalog N-331. 


Draft in big furnaces is controlled with 
great sensitivity and responsiveness by the 
new L&N Furnace Pressure Controller. It 
can be applied to any controllable furnace, 
and tied in with complete combustion co 
trol if desired. See Catalog N-O1A-601 


Blast furnaces are using a special Mi 
cromax Control which gives unitorm-ten 
perature hot blast and “tells all” about mea 
uring the temperature in domes, downcomers, 
etc. See Catalog N-33A-642. 


4927 STENTON AVE., PHILA., PA. 


MEASURING INSTRUMENTS + TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 
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YOUR COMMERCIAL HEAT TREATING 


GUIDE 


One of these established companies is az conveniently 

available as your telephone. Let this expert solve 

those unusual heat treating problems—or call him in 

to do the complete job, including carburizing, cyanide 

hardening, nitriding, tool, die, high speed steel and 
high carkon chrome steel hardening, 


© 
BOSTON 
Mew England Metallurgical 
9 ALGER STREET - SOUTH BOSTON 3313 


CHICAGO 
Accurate Steel Treating Company 
2226 W. HUBBARD ST. - SEELEY 7393 


Perfection Tool & Metal Heat Treating Co. 
1740 W. HUBBARD ST. - HAYMARKET 2024-5-6 


Lindberg Steel Treating Company 
218 N. LAFLIN STREET - MONROE 3311 


© 
CINCINNATI 
The Queen City Steel Treating Company 
2978 SPRING GROVE AVE. - KIRBY 3161 


© 
CLEVELAND 
The Lakeside Steel Improvement Company 
5418 LAKESIDE AVE. - HENDERSON 9100 


© 
DETROIT 


Commercial Steel Treating Corporation 
6100 TIREMAN AVE. - TYLER 6-6086 


Commonwealth Industries 
5922 COMMONWEALTH AVE. - MADISON 0573 


© 
ELIZABETH, N. J. 
American Metal Treatment Company 
ELIZABETH 2.2121 


MILWAUKEE 
Wesley Steel Treating Company 
1321 W. PIERCE STREET - MITCHELL 8767 


NEW YORK 
Heinzelman‘s Heat Treating Hardening 
Wks., Inc. 

154 SPRING STREET * WALKER 5-2666 


PHILADELPHIA 
Lorenz & Son 
1400 N. FRONT ST. - REGENT 7722 EAST 6255 


c. 
1000 E. MERMAID LANE - CHESTNUT HILL 3500 


Wiedemann Machine Company 
1801-31 SEDGLEY AVE. - SAGAMORE 3027 
PARK 2258 


© 

PITTSBURGH 

Pittsburgh Commercial Heat Treating 
Company 

Riise 9710 LIBERTY AVE. - SCHENLEY 2188 


ELECTRIC SALT BATH HIGH 
SPEED STEEL HARDENING 


Electric salt bath high speed hardening probably 
deserves the caption “Heat Treating Progress” more 
accurately than any other relatively new heat treat- 
ing development. 


Anyone who has had either first hand or super- 
visory experience with the hardening of high speed 
steel by older methods knows the difficulties in- 
volved. In conventional open furnace equipment 
scale and pitting are practically inevitable. Sharp 
edges are rounded by incipient fusion, while de- 
carburization is difficult to avoid with 18-4-1 steel, 
and quite impossible to eliminate on the cobalt and 
molybdenum analyses. 


Certain newer furnaces with atmospheric control 
of various types unquestionably were a step in the 
right direction, especially with respect to surface 
finish. However, decarburization, that bad actor of 
the heat treating drama, was by no means com- 
pletely tamed. 


While it is perhaps dangerous to characterize 
anything in these fast moving times as the ultimate 
answer to troublesome problems, our own experi- 
ence with commercial salt bath hardening of high 
speed steel would indicate that the advantages of the 
process can hardly be exaggerated. Irrespective of 
size, shape or analysis, we have yet to see a tool 
come through the salt bath treatment with rounded 
corners, scale, pits or the slightest trace of decar- 
burization. We feel that results are, as a matter of 
conservative fact, as close to perfection as we are 
ever likely to find. 


Operating costs, with volume production, are not 
excessive, but salt bath hardening of high speed 
steel is definitely not practical for the average plant 
because the equipment raises electrical demand 
charges very appreciably, and costs a lot of money 
to maintain in proper operating condition. Obvi- 
ously pot and electrode life, at 2300° F. plus, is 
short, and replacement costs are high. 


If you would like to see one of your high speed 
steel tools hardened by this new magic of American 
inventive genius send it to us for a demonstration. 
We promise a most pleasant surprise. 


THE QUEEN Critry STEEL TREATING COMPANY 
CINCINNATI, OHIO 
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MINIMUM DISTORTION 


Nossir! Flame hardening is too crude for 
Cincinnati. This is a high quality heat treat- 
ing town! 


That's what we told the equipment sales- 
men years ago, but we were so utterly wrong 
we're almost ashamed to tell the story. 


Actually, flame hardening is about the most 
valuable process that ever came into this 
plant. 


Gears (spur, spiral, bevel, herringbone) of 
any size can be hardened without measur- 
able distortion. 


Solid rolls and shafts, 12” in diameter, 
made of plain carbon steels, come out straight 
and as hard as if they were '.” through. 


Cast iron hubs and discs take on the hard- 
ness of tool steel—stay flat and round. 


There's really no end to it! If ordinary 
heat treating warps your parts—doesn’t get 
them hard—isn’t worth a darn for any other 
reason—think of flame hardening—think of 
Queen City Steel Treating Co., and send us 
the job. 


Of course we do every other type of heat 
treating in our modern plant. Let us work 
with you to solve your problems. 


Rolls — S8.A.E. 1045 — 
flame hardened on 
working surfaces and 
journals to 85 Shore, 
— WITHOUT MEAS- 
URABLE DISTOR- 
TION 


THE QUEEN CITY STEEL TREATING CO. 
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METAL SHOW 
Booth H-12 


1937 


Universal 
Weave 


1938 


Cord Weave 


1939 


Flanged Edge 
on Cord Weave 


1940 
TELESCOPE 


and Audubon has always had “something new” 
to announce at the Metal Show. This year is 


Chevron Reinfo reed no exception, but instead of one, we have two 


new developments in Metalwove Belts. . . . 
Balanced Weave The new Telescope Edge (Patent Pending) can 
be applied to any Rod Reinforced Belt. This 
retaining edge can be as high as 25% to 30% 
of the diameter of the smallest pulley over which 
the beit operates. . . . The Chevron Reinforced 
Balanced Weave (Patent Pending! provides 
additional strength and reduces stretch in this 
familiar weave. . . . Our engineers, located 
in most principal cities, wil! gladly recommend the 
correct Metalwove Belt for your requirements. 
Let us send you our 44-page catalog No. 50. 


AUDUBON 


WIRE CLOTH CORPORATION 


Subsidiary of Manganese Steel Forge Co. 


RICHMOND ST. & CASTOR AVE., PHILADELPHIA 
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By The Drever-industr'al Stainless Nitriding Process”. . . Nitrided stainless steel or stainless iron 


parts of any size give superior wear resistant properties and retain corrosion resistance ... A 


tightly adhering glass hard a (89-93 Rockwell 15N) abrasion e > resistant case. 


AT THE 
ETAL SHOW 
BOOTH Y-13 


The surface hardened case (.002” to .028” thick) can be around or polished 
loss of abrasion eS resistance or loss of corrosion resistance . . . Descriptive literature on 


request ... See what can now be done with Stainless. *Process and Equipment Patented. 


DESIGMERS & BUILOERS 


IAL THE DREVER COMPANY 
749 E. Venango St., Philadelphia, Pa 


THE 


SALES REPRESENTATIVES 


October, 1910: Page 4141 


| 
q 
.- 
= im 
, 
A 
D 
= 
S NITRIDING 
| 
| 


and looks to modern gas equipment 


The quickened pace of industry today 
has brought new demands for faster 
manutacturing processes ... and Gas 
and Gas research have helped many 
plants to step up production, to main- 
tain and improve quality, to attain 
greater precision in manufacture, and 
to cut over-all costs. 

Whether for munitions orders or 
for household necessities, wherever 
delivery dates have become a night- 
mare to management, Gas engineering 
has pioneered to iron out production 
problems. Developments such as the 
luminous Gas flame, the Gas radiant 
tube heater, the Gas immersion 
heater, atmosphere units to use Gas 


as a chemical as well as for heating 


. .. all these achievements and many 
more are being swung into action as 
industries of all types mobilize for 
defense. 

If production is being limited in 
your plant by slow-motion operations, 
investigate Gas and modern Gas 
equipment. Your Gas Company will 


be glad to show you how Gas can 


step up your own production and, if 


you wish, give you facts on how other 
companies in your line have used Gas 
equipment to solve specific problems 


in manufacturing. 
AMERICAN GAS ASSOCIATION 
INDUSTRIAL GAS SECTION . 420 


LEXINGTON AVE., NEW YORK CITY 


Metal Progress; Page 442 


Here’s Proof 
that gas speeds production, 


improves quality, cuts costs. 


IN MAKING FINE SPRINGS 


The advantages of heating metals by 
means of recirculated air with Gas fuel 
are becoming accepted more and more 
by industry. The Fort Pitt Spring Co., 
McKees Rocks, Pa., presents further 
evidence of the efficiency and other 
values of Gas in the tempering of metals 
within narrow ranges of temperatures. 
Recirculating the heated air and prod- 
ucts of combustion results in high 
thermal efficiency and paves the way 
for higher production and greater uni- 


formity. 


GREATER OUTPUT IN LESS TIME— 
WITH GAS 


Heat treating with Gas plays a very 
important role in the manufacture of 
sewing machines, as witnessed by the 
experience of the Free Sewing Machine 
Co., Rockford, Illinois. 

Four years ago—with old-type equip 
ment—it “took a full day to bring the 
oven furnace up to temperature and 
an even heat throughout the chamber 
was practically impossible.” Since in- 
stalling new Gas-fired equipment, it is 
possible to get two carburizing heats 
and one annealing in an eight-hour 
day and to double the loadings in each 
charge. Working space increased, work- 
ing conditions better, plant kept very 


clean—a story, indeed, for Gas. 


IN FACT, in hundreds of industries 
where quick, controllable heat is essen- 
tial, and where economy is a “must,” 
Gas and modern Gas-fired equipment 


are considered indispensable. And this 


goes for industry in peacetime, war- 
time, or any time. Wherever the need 


is tor heat, Gas is the preferred fuel. 


Visit the A.G.A. Combined 
Industrial Gas Exhibit, 
National Metal Exposition, 
Cleveland, Ohio 
Oct. 21-25, 1940. 


if 
| 
3 
ate 
x 
he | 
rate 
aX 
4, (Aa 
1 
<= 
| 
Ve oe to speed up production | 
| 
| 
| 
1 
| 
Hit 
| 
| 
| 
1 
THE TRENDNE FOR ALL | 
INDUSTRIAL HEATING | 
| 
“paws 
ane 
| 
1 


LR) 


ears 


Soluble or straight oils and bases that 
assure finer finish, longer tool life, 
fewer rejects, speedier production. 


BURIZERS 
Pack-hardening compounds for armor 
plate and deeper cases . . . Liquid car- 
burizers for fast production line hard- 
ening. 


BRING ON- 


bil | é 


P 
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Ready for metal working and heat treat- 
ing problems which are bound to rise as 
industry swings into action to meet the 
urgent need for national defense. 


Armament and munition making are not 
new to us. Houghton did a major job dur- 
ing the last World War along lines of car- 
burizing, heat treating, machining, rust 
prevention. 


That cumulative experience has led to our 
present processing products — modern 
geared to today’s production needs...aimed 
at the one objective of quality performance 
at lower cost per unit produced. 


If you face new, unfamiliar problems relat- 
ing to the materials listed on this page, feel 
free to lay them before us. Call on the 
Houghton Man, or write, wire or phone: 


E. F. HOUGHTON & CO. 


Chicago - PHILADELPHIA - Detroit 


No. 2 Soluble -the standard for 25 
years still the leader for uniform 
depth of hardness and length of service. 


A new, proven line-up for every type of 
drawing operation: shells, cartridge 
cases, automotive parts, etc. 


RUST PREVENTIVE 
Furnishing complete protection 
against rust . .. the modern Rust For hardening, reheating, tempering, 


blackening and treating high speed 


Veto line of slushes, oils and greases 
meeting government and industrial 
specifications. 


steel. Pure, stable salts with sharp 


melting points. 
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YOUR COMMERCIAL HEAT TREATING 


GUIDE 


One of these established companies is as conveniently 

available as your telephone. Let this expert solve 

those unusual heat treating problems—or cal] him in 

to do the complete job, including carburizing. cyanide 

hardening, nitriding, tool, die, high speed steel and 
high carbon chrome steel hardening. 


BOSTON 
_ New England Metallurgical Corporation 
4 § ALGER STREET - SOUTH BOSTON 3313 


© 
CHICAGO 


Accurate Steel Treating Company 
2226 W. HUBBARD ST. - SEELEY 7393 


Perfection Tool & Metal Heat Treating Co. 
1740 W. HUBBARD ST. - HAYMARKET 2024-5-6 


Lindberg Steel Treating Company 
218 N. LAFLIN STREET - MONROE 3311 


CINCINNATI 
_ The Queen City Steel Treating Company 
2978 SPRING GROVE AVE. - KIRBY 3161 


CLEVELAND 


The Lakeside Steel Improvement Company 3 


5418 LAKESIDE AVE. - HENDERSON 9100 


DETROIT 


Commercial Steel Treating Corporation 
6100 TIREMAN AVE. - TYLER 6-6086 


Industries 
5922 COMMONWEALTH AVE. - MADISON 0573 


re) 
ELIZABETH, N. J. 
American Metal Treatment Company 
ELIZABETH 2-2121 


MILWAUKEE 


Wesley Steel Treating Company 
1321 W. PIERCE STREET - MITCHELL 8767 


NEW YORK 


PHILADELPHIA 
Lorenz & Son 
1400 N. FRONT ST. - REGENT 7722 EAST 8255 


Metlab Co, (Metallurgical Laboratories, 
1000 E. MERMAID LANE - CHESTNUT HILL 3500 | 


Wiedemann Machine Company 
1801-31 SEDGLEY AVE. - SAGAMORE 3027 
PARK 2258 


© 
PITTSBURGH 
Pittsburgh Commercial Heat Treating 
Company 
3708 LIBERTY AVE. - SCHENLEY 2188 


EDITORIAL 


WHY THE COMMERCIAL HEAT 


TREATER? 

BECAUSE: 

The heat treatment of metals has become a 
highly technical and complex subject. 

It requires the entire attention of specially 
trained men —metallurgists for the science. 
and practiced craftsmen for the art, of mod- 
ern heat treating. 

It is not a job to be handled on the side, 
nor in anyone’s spare time. It is not a thing 
for amateurs nor dabblers. It requires years 
of scientific study and years of conscientious, 
diligent application at the fire. It requires 
integrity, judgment and skill. 

A furnace and a pyrometer will not solve 
your metallurgical problems, any more than 
a doctor’s kit will make you a physician or 
save you from the pitfalls of “a litthe knowl- 
edge.” 

The personal factors of training and judg- 
ment must be there. There are not neariy 
enough skilled heat treaters to put one in 
every manufacturing plant today, to say noth- 
ing of trained metallurgists. 

The commercial heat treater exists to give 
you this competent and specialized service. 
He can often advise you as to economical 
materials and methods before’ production 
starts, and so save you money, time and grief. 

His shop must be equipped to handle your 
every problem in detail or in mass. The work 
must be done promptly and efficiently, if he 
is to survive competition. 

By concentrating men and equipment in a 
single heat treating plant under expert super- 
vision, the work is expedited, the quality 
improved, the risk is minimized, and the 
overall cost is reduced. 

It is cheaper, it is safer, and it is wiser to 
go to the competent commercial heat treater. 


Horace C. KNERR 
Consulting Metallurgical Engineer 
President, METLAB COMPANY, Phila., Pa. 
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STEPPING UP 


METLAB is continually step- 
ping up its equipment and facil- 
ities to meet increased de- 
mands. 


An engineering organization 
devoted to the commercial heat 
treatment o!f metdis, in every 
phase 


Equipped for detail or mass 
production at minimum cost. 


IT PAYS TO ASK 


METLAB 


NATIONALLY KNOWN 


COMMERCIAL HEAT TREATERS 


HORACE C. KNERR, 
Consulting Metallurgical Engineer 
President and General Manager 


“ONE GRAND MERMAID” 


Easy to remember 
as our address 


1000 MERMAID AVE. 
Philadelphia, Pa. 


Phone: CHEstnut Hill 3500 
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AVES Time — and that’s money saving in any 


plating plant... Better brass plating by methods 
which are easier and more economical than present 
practices ... Heavy or light deposits which are uni- 
form and attractive. 

The New High Speed Brass is the modern process 
for all products which require a smooth lustrous 
durable brass finish. 

It took years of research by du Pont laboratories. 
It has been tested in the field—by the only practical 
method — actual installation and operation in com- 
mercial plants. The solution is easily made up from 
a prepared salt of high purity. No unusual plating 
equipment is required. 

Arrange for a demonstration or installation in 
your own plant. Write or call the Electroplating 
Division, or the nearest district office. 


E. 1. PONT NEMOURS & COMPANY (INC.)} 


ELECTROPLATING DIVISION 
WILMINGTON DELAWARE 


Demonstration HIGH SPEED BRASS 


At the National Metal Show, you can see an actual demonstra- 
tion of the new du Pont High Speed Brass plating process. Come 
any time during the week—bring some of your own work and 
have it plated right on the spot. See how this advanced process 
works ... how you can get heavy or light adherent coatings of 
bright brass in one-half to one-third the time. 
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produces sound chrome-iron 
and chrome-nickel castings 


Soundness in castings is particularly vital in connection 
with alloys, not only because of the greater investment but 
because of the special duty to be performed by the castings. 
They must have quality. 

Duraloy, since 1922 specialists in chrome-nickel and 
chrome-iron, has the experience, equipment and men to turn 
out sound high alloy castings. 

The two photographs above are indicative not only of the 
range in sizes but of the variety of castings we are producing 
fp every day, with rough or machine finish and polished, too, 
when desired. 

eke: We shall be at the National Metal Exposition in Cleveland 

the latter part of October and will be glad to have you drop 
in at our booth (G-19) and discuss your casting requirements. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4lst St.. New York, N. Y. 
Detroit Scranton, Pa. St. Louis Los Angeles 


The Duraloy Co. of Detroit Coffin & Smith Metal Goods Corporation Great Western Steel Company 


DURASPUN| 


e 


in the centrifugal casting of chrome-iron and chrome- 
nickel alloys. We offer complete and prompt service ; ery 
on these superior castings, typical of which is the 
one-piece screw conveyor shown at the right 
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Heat and Corrosion 


Resistant Metals 


Supplies of Chromium 
(Essential to the Stainless Steels) 


By James H. Critchett 
Vice-President 
Electro Metallurgical Co 


URING times like the present it is desirable 

that those concerned with the specification 
of high grade materials, such as members of 
the @. be fully informed as to the outlook for 
the many items involved, especially the items 
that by reason of importation or small domestic 
production might become critical. Chromium 
is one such metal, since its ore is very largely 
imported and its use has increased steadily in 
recent vears, 

Fortunately chromium ores occur in rather 
widespread areas throughout the world, South 
Africa, New Caledonia, India, Turkey, and the 
Philippine Islands being among the leading pro- 
ducers. Smaller quantities of ore have occa- 
sionally been obtained from Cuba, Central 
America, and South America; and the United 
States, Alaska, and Canada have also produced 
important quantities in the past under the 
impulse of increased demand. In fact, during 
1918-19 sufficient was mined from domestic 
sources to supply practically all of this coun- 
try’s needs at that time (and the reserves were 
in no way depleted) but at a cost, however, 
considerably above the usual price of imported 
ore. Today, with the opening of better roads, 
the increased use of trucks, and the develop- 
ment of tractor types of mining equipment, it 
would be much easier to produce an even larger 
quantity of ore from known deposits. Thus 
domestic ore in the ground is an important 


reserve for the chromium industry of the United 
States. Also, the fact that ocean shipments 
would have to be shut off in all directions to 
keep ore from reaching this country makes the 
entire stoppage of imports highly improbable. 

The manufacturers of ferrochromium, 
refractories and other chromium products, 
realizing the possibilities of interruption or 
delay in shipment of the ores, have always 
maintained large stocks amounting in cases to 
several years’ requirements under normal con- 
ditions and to more than a vear’s needs under 
even the most exaggerated demands. This is 
the situation today; large increase in usage of 
the metal has reduced the length of time that 
ore stocks will last but they are still ample 
and shipments have been coming to the coun- 
try at an increased rate, so that no emergency 
is to be anticipated. Should it seem wise, 
present ore reserves give ample time to start 
domestic production with which to supplement 
our resources. The Government's emergency 
stock pile, which is being accumulated without 
reduction of commercial stores or receipts, 
today amounts to an appreciable part of the 
country’s needs and gives added assurance that 
there will be no shortage of the metal. 

Rapid transition from an abnormally low 
to an equally abnormally high rate of manufac- 
ture of any commodity brings strain not only 
on raw materials, but on manufacturing equip- 
ment and personnel. The ferrochromium 
end of the electro-metallurgical industry has 
already passed through the transition period, 
met all current domestic needs, and within a 
very few weeks will have finished expansion 
sufficient to meet a still further substantial 
increase in the rate of use of the alloys. 
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Modifications of Standard Types 


By H. A. Grove 


Alloy Steel Division, Republic Steel Corp. 


S ONE LOOKS BACK over the history and 
growth of stainless steel, he will notice that 
there has been a recent trend or effort made to 
simplify and stabilize the basic types. Several 
of the outgrowths of the basic 18-8 chromium- 
nickel analysis have been dropped by the Amer- 
ican Iron and Steel Institute’s list and by the 
producers in an effort to reduce and simplify the 
all too numerous grades which 
were developing. This trend 
in tube manufacture is dis- 
cussed on page 384. 

It is therefore understand- 
able that there have been very 
few new varieties of stainless 
steel developed in recent years. 
However one new variety 
which has met with some favor, 
especially from the aircraft 
industry, is a modification of 
A.LS.I. type 317 (18-8 plus 
columbium) by adding 2 or 3% 
silicon. Steel of this analysis combines the 
good features of both silicon and columbium as 
addition elements when used in a heat and cor- 
rosion resisting capacity, such as for exhaust 
stacks, collector rings, boilers and heating units. 

Also, a joining of existing analyses has 
brought forth another new type made from the 
combination of A.LS.L. types 316 and 347, 
namely, 18-8 plus molybdenum and columbium. 
It is hoped in this alloy to combine the stabiliz- 
ing effect of columbium with corrosion resisting 
characteristics of molybdenum. How successful 
it will be is vet to be proven, as the development 
of any new analysis requires long years of trial, 
involving both success and failure, until the 
right applications are reached. 

The suggestion that silver be added to 18-8 
to minimize its susceptibility to the pitting type 
of corrosion is also among the new modifica- 
tions. Its worth is not as vet proven, as in early 
tests in sea water it failed to show superiority 
to plain 18-8. It may, however, in later tests 
find its place in the field of stainless steels. 

While these newer varieties of stainless steel 
are being tried out, one should not forget those 
basic analyses which are performing so well in 
industry today. 18-8 with specially balanced 
chemistry for high tensile work is rapidly being 


adopted for aircraft structural parts and ha 
proven very useful in high speed streamline 
trains. 

Type 304 (18-8, low carbon) continues to by 
used extensively for food and dairy equipment 
beer barrels, soft drink drums, and other syru; 
containers. In the motion picture field, Warne: 
Brothers have adopted this grade, together with 
type 316 (low carbon 18-8 with molybdenum) 
for use in their film developing rooms, type 316 
being used where acid conditions exist, and typ« 
304 elsewhere. 

Type 302 (18-8), which has for a long time 
been used in the refrigeration 
industry for evaporator units 
and assemblies, has recently 
come into greatly extended 
application by replacing the tin- 
dipped shelving formerly used 
in modern ice boxes and refrig- 
erators. These shelves are made 
of cold drawn wire formed and 
welded together to make a grat- 
ing, the whole then being pol- 
ished by the newest method of 
polishing stainless — that is, 
“bright pickling”. This type of 
shelving is not only pleasing in appearance, but 
is highly corrosion resistant and sanitary. 

Undoubtedly, the chemical industry will put 
new and more severe demands on the more 
popular present grades of 304, 316, 317, 321, 347, 
due to their war contracts and defense require- 
ments. These increasing demands may lead to 
the development of new grades, as usually hap- 
pens during periods such as now exist. This will 
not only be true of stainless steel, but of all steels 
which must meet the new and ever increasing 
problems of this age. 


Manufacture of Wrought Alloys 
By A. L. Feild 


Director of Research 
Rustless lron & Stee! Corp. 


URING THE PAST YEAR there have been 

no radical changes or improvements in the 
fundamental processes of melting and rolling 
so far as stainless steel is concerned. Neverthe- 
less, the present large production has enabled 
manufacturers to improve details of technique 
in the direction of obtaining a higher standard 
of quality and uniformity, even in the com- 
moner grades. This improvement has_ been 


Metal Progress; Page 458 


> 
| 
4 
=i) 
We 
Te 4 =| 
a 
{\- 
A 
lite 
at 
ABST 
Mo 
4 
4,4) 
a} 
J 
=] 
ive 


somewhat more noticeable in certain special 
grades where tonnage has shown a percentage 
increase greater than the average for the indus- 
try —-_as, for example, in the case of the chro- 
mium-nickel grades containing columbium, 
titanium, and molybdenum as well as in certain 
free-machining grades. There has also been a 
definite trend toward a higher vield from ingot 
to finished product in these special grades, prin- 
cipally by virtue of improved hot working 
properties and closer control of hot rolling tem- 
peratures. Improvement in hot working prop- 
erties may be attributed not only to greater care 
and skill in furnace technique and pouring prac- 
tice, but also to certain modifications in chemi- 
cal analysis. 

Increasing attention is being paid to per- 
fection of surface in rolled and drawn products, 
both before and after special surface treatment, 
and to the presence of defects such as hair-line 
cracks especially in the hardenable, straight 
chromium grades. A definite improvement in 
the surface obtainable on polished articles of 
the cutlery type has been achieved. 

The rapid development of anodic elec- 
trolvtic treatment as a polishing means for 
fabricated articles has had, as a collateral 
development, the use of this new process of 
“electrolytic polishing” as a routine inspection 
tool for certain finished products such as cold 
drawn stainless steel wire. 

sright annealing in an atmosphere of 
cracked ammonia (free from water vapor) has 
been successfully used in large tonnage appli- 
cations — especially for wire, where its use 
presents fewest difliculties from the engineering 
standpoint. 

There has been a considerable increase in 
the production of stainless steel wire, and more 
rapid drawing speeds have materially speeded 
up output. Chromium-nickel wire for cold 
upsetting operations is finding increased appli- 
cability where the rate of hardening by cold 
work is carefully controlled by selecting the cor- 
rect chemical composition. 


Expanding Markets for Stainless 


By Paul F. Voigt, Jr 


Manager, Stainless Steel Division 
Carnegie-Illinois Steel Corp. 


cdeedabete as a whole has come to a definite 

realization of the importance of the stainless 
alloys. Producers of the steels have increased 
their capacities and improved their facilities to 
supply the constantly increasing and ever wid- 
ening demand for materials to withstand cor- 
rosion, to reduce weight and to resist heat. 
Users and prospective users are vitally inter- 
ested in new developments and new applica- 
tions and, consequently, are very receptive to 
sales solicitation. Added to normal domestic 
needs, the demands brought about by the inter- 
national emergency have increased stainless 
tonnage to a figure far in excess of that pro- 
duced in any previous period. 

While the use of stainless steels extends 
into every kind of industry, and in ways too 
numerous to cover individually, the following 
notes regarding specific fields of application are 
of interest: 

Chemical and Powder Plants —- Completely 
immune to the effect of many strong acids, 
stainless has been widely used for tanks, digest- 
ers and other miscellaneous equipment used in 
the chemical and explosive industries — which 
are of the most importance under present day 
conditions. 

Aircraft — Stainless manifolds have suc- 
cessfully passed the most rigorous tests of all 

actual service tests of 5000 to 7000 hr. of 
flving time. Highly satisfactory results have 
been secured on firewall installations, on bomb 
chutes, tail surfaces and other parts requiring 
high tensile stainless for strength and weight 
reduction. 

Oil Industry — Today finds prominent 
refiners in all parts of the country installing all- 
stainless bubble towers, trays, caps and liners 
in their present towers and specifying them in 
new equipment, because all installations to date 
indicate that the stainless tray is a most effec- 
tive means of reducing operating expense. Lin- 
ers of stainless steel in other refinery vessels 
and heat resistant alloy tubes are important 
factors in this field. 

Transportation — In addition to the more 
widespread use of stainless steel in rail car 
construction, the application has been broad- 
ened to include busses and trailers. This fol- 
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The A-B-C of Corrosion and Heat Resisting Steel 


frrangement due to F. R. Palmer. 


Group A (Martensitic) 


Chemical Analysis 
Chromium less than about 16°7; carbon 
less than about 0.40%. May contain small 
percentages of tungsten, copper, nickel, sili- 
con, columbium, aluminum, and more fre- 
quently molybdenum. Group is magnetic 


Heat Treatment 
Respond to hardening and tempering. 
Resulting physical properties depend on 
chemical analysis (principally carbon con- 
tent) 


Toughness 
Are structurally dependable. After tem- 
pering are not brittle in notched sections 
or under impact. 


Grain Growth and Structural 
Changes at High Temperatures 
Not subject to excessive grain growth 

Thoroughly dependable for supporting any 
load or shock within their carrying capac- 
ity up to 1400 F. Brittleness in plain 
chromium steels when cooled after long 
heating is avoided by addition of molyb- 
denum. 


Strength at Elevated Temperatures 
Much better than straight carbon steel 
for temperatures up to 1000 or 1200 F 
Retain tensile properties up to 750° F. 


Hot Working Qualities 
Readily forged, pierced, or rolled at 
2000 to 1700 F. Preheat and soak stock 
at 1600 F. Plain chromium alloys air 
harden on cooling. 


Cold Working Qualities 
Low carbon varieties can be easily cold 
drawn into wire, cold rolled, bent, formed, 
upset, coined, and deep drawn. 


Machinability 
Machine satisfactorily with properly de- 
signed tools when heat treated to 200 to 
250 Brinell. Free-cutting grade contains 
complex sulphides or selenium. 


Riveting 
Make excellent cold rivets. Air harden- 
ing, high chromium steels not reccm- 


mended for hot rivets driven above 1500 F 


Welding Properties 
Preheated parts can be welded with gas, 
electric arc, or resistance. Anneal imme- 
diately before weld air hardens. Little 
grain growth. Columbium or aluminum 
increases ductility of welds. 


Corrosion Resistance 
Increases with chromium content; in- 
ferior to Groups B and C. Resists 
weather, water, steam, and mild corrod- 
ents when chromium is 11.5% or more. If 
earbon is relatively high, metal must be 
hardened and tempered ‘(below 1000 F.) 


Scale Resistance 
Increases with chromium content. Gen- 
erally useful for continuous temperatures 
up to 1200 F., and in some services up to 
1500° F. 


Group B (Ferritic) 


Chromium more than about 16° ; carbon 
quite low, but can increase as chromium 
goes up. May contain small percentages 


of copper, nickel, silicon, molybdenum, 
tungsten, nitrogen. This group is mag- 
netic. 


Do not respond. 18% chromium tough- 
ened by long anneal at more than 1400 F., 
and air cooling. Avoid decarburizing the 
skin. 25° chromium gets best strength 
and toughness by rapid cooling from 1650 


Laminated structure, from coarse fer- 
rite in ingot, causes low impact values, but 
proper rolling and heating gives adequate 
toughness in rods, bars, and sheets. Struc- 
ture is refined by alloying with nitrogen 


The chromium-irons low in carbon and 
those high in silicon or aluminum ‘when 
‘old worked) are subject to excessive 
grain growth, especially above 1900 F 
Grain growth reduced by nitrogen. Long 
service at 800 to 950 F. makes them brit- 
tle when cold, although they are not brit- 
tle at working temperatures. 


varieties quite tough at 
F. Superior in 
not in creep 


Heat resisting 
temperatures up to 1600 
ductility to Group C but 
resistance. 


May be forged, rolled, or pierced. Should 
be heated quickly. Forge from 2200 F 
down to 1750 F. On last heat continue 
cold working to 1400 F. to refine grain 
Alloys do not air harden. 


Can be cold drawn into wire, cold rolled, 


bent, formed, upset, coined, and deep 
drawn, especially when warm (300 to 
500 F.). 


Machine satisfactorily with properly de- 
signed tools. Cold working and high sul- 
phur or selenium improve machinability 


Extra precautions required to avoid brit- 
tle rivets. Conical heads should be cold 
upset on ground bars; rivets driven at 
1425 F. into chamfered holes. 


Can be welded. Anneal at 1450 F. to 
reduce embrittlement alongside weld. 

Those metals sub- Those metals not 
ject to grain growth’ subject grain 
are brittle adjacent growth yield satis- 
to the weld. factory welds. 


Possess corrosion resisting properties su- 
perior to Group A; increases with chro- 
mium content. Especially good for nitric 
and other oxidizing acids. 


Superior to Group A, especially when 
chromium is above 25%; then resist re- 
ducing atmospheres up to 2100° F., resist 
oxidizing gases up to melting points, and 
sulphur gases up to 1800 F. 


{dapted from The Book of Stainless Steels, Second Edition 


Group C (Austenitic) 


Contains enough nickel to make sté¢ 
austenitic and non-magnetic. They us 
ally contain twice as much chromium 
nickel or vice versa; total alloy conte: 
at least 26°7. Carbon quite low. (Mangan« 
sometimes substituted for nickel, in part 


Do not respond to hardening by he: 
treatment. Must be rapidly cooled fron 
soaking heat at 1900 to 2150 F. to retai) 
austenitic structure free of carbides. ‘Bri 
nell 140 to 170). 


Extremely tough at all temperature 
down to liquid air. Dependable against 
shock except when corroded at grain 


boundaries (a preventable condition) 


Alloys near the austenite-martensit: 
border line tend to precipitate carbides at 
grain boundaries during service at 800 t 
1600° F., losing some toughness and 
becoming susceptible to intergranula: 
attack. This is controlled by very low car- 
bon, by titanium or columbium, by increas 
ing the chromium and nickel, or by prio 
“stabilization.” 


Have high creep strength up to 1200 
F. which is enhanced by tungsten o1 
molybdenum. Toughness impaired in non- 
stabilized alloys by service at 800 to 
1600 F. 


May be forged, rolled, or pierced. Pre- 
heat and soak at 1600° F., heat quickly to 
2200 F., forge down to 1850 F. Hot short 
range: 1800 to 1300° F. Alloys do not air 
harden. 


Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn. Work-harden twice as rapidly as 
Groups A and B. 


Most difficult of all even with super high 
speed and carbon tools. Use sharp tools 
having greater top rake than usual, and 
cut continually. Free-cutting grade con 
tains selenium and phosphorus. 


Excellent for either hot or cold rivets 
Hot rivets may be driven at a high tem- 
perature (1900° F.). 


Can be welded with gas, electric arc, o! 
resistance, if carburization is avoided 
Weld does not air harden and is very 
tough. Only the very low carbon or the 
“stabilized” metal should be welded i! 
article must resist corroding media. 


Corrosion resistance depends largely up- 
on total alloy content. Resists nearly al! 
corrodents measurably better than Groups 
A and B; especially good for organic acids 
Severe pitting may occur in stagnant 
chloride solutions under particles of for- 
eign matter and along faying surfaces 


Excellent where combination of high 
temperature and corrosion is to be met 
High chromium, low nickel alloys required 
to resist sulphurous gases. 2 


Addition of 2 
to 3% silicon markedly improves scal 
resistance. 
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lows the development which has taken place 
over a period of years. Stainless is widely used 
in truck tanks for the transportation of milk 
and recently for various soft drinks. 

Automotive —— Stainless steel automobile 
trim continues to expand in tonnage and 
represents the largest single outlet for this 
material, 

Refrigeration — In addition to the large 
amount of tarnish-free metal now being used 
for evaporators and trim, the use of stainless 
steel wire is growing for shelving. The trend is 
definitely toward increased tonnage in this field. 

Dairy Industry — Stainless steel is the ideal 
material for the treatment and handling of milk. 
The dairy industry is outstanding in its wide- 
spread use for pasteurizers, holding tanks, truck 
tanks, coolers and miscellaneous equipment. 


Stainless Steel 
for Decorative Effect 


By C. B. Templeton 
Assistant to President 
Allegheny Ludlum Steel Corp 


Hk TITLE must not be taken too literally. 

It is questionable whether anyone uses stain- 
less steel purely for decorative effect. True, il 
all started that way when, in the 1920's, bright 
metal appointments became the modern. style 
note in interior and exterior decoration. At 
first, the field was largely restricted to plated 
metals; since stainless and other solid, corrosion 
resistant materials like alu- 
minum and monel were just 
becoming available the 
forms needed. But. once 
arrived, it was the additional 
attributes of stainless and 
these other solid metals which 
quickly gained and held 
supremacy in the decorative 
field. 

Let us say, then, that those 
who use stainless steel for dec- 
orative purposes do prim- 
arily because they also acquire 
thereby a high degree of utility: 
and that those who employ it 
for utilitw’s sake gain immense 
added value from its everlast- 
ing beauty. 

(Continued on page 476) 


Stainless Steel 


the Next Step for Aircraft 


ITH the very sudden increase in interest in 

aviation and the great activity in the 
attempts to bring out planes in quantities, the 
most obvious detriment production is 
rivets. The common air transport contains from 
250,000 to 350,000 of these pesky little things, all 
putin by hand. The strato liner has something 
like 700,000 at a cost of something like 5¢ each, 
to say nothing of the cost of the time in building. 
For this reason, we must come to a new method 
of production which will allow welding. 

Developments in welding in the last six 
months have been so startling as to open up 
entirely new fields of structural activity. On 
top of that, stainless steel has appeared for the 
lirst time in thin gages and fairly wide sheets, 
applicable to aircraft use. To my notion, there- 
fore, wide utilization of stainless steel repre- 
sents the next step in aircraft development and 
a necessary step before real production can be 
had in airplanes. 

Strong, heat treated aluminum alloys, 
Which have already been used so widely, can 
he welded but on account of the heat of the 
weld, the metal at the weld itself turns back to 
nothing but the cast aluminum alloy, with com- 
paratively little strength. It is, therefore, open 
to doubt whether duralumin can be successfully 
welded for important structural parts. 

Stainless steel, however, is 
one of the best materials for 
welding and falls naturally 
into a class of production sepa- 
rate from any other material. 

Designing aircraft struc- 
tures primarily for stainless 
steel, rather than copying old- 
tvpe structures and building 
them of stainless steel, will 
allow us very shortly to better 
any previous airplane weights, 
but with greater strength and 
rigidity and at a fraction of the 
structure cost of old-tyvpe 
planes. 

The problems are many 
purely from the standpoint of 
the airplane but the 


rewards will be great, while 
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the volume of steel used in the 
industry will in the end be a 
surprise to those who have 
been thinking of aviation in 
terms of our present planes 
and present production. 

Stainless steel is the neat 
slep for aircraft. 

While it is the general 
opinion that military aircraft, 


without exception j 


stainless steel. In th 
present preparednes 
drive many millions ar 
being spent for equip 
ment of this sort. [| 


should be a source of! 
satisfaction that, bar- 


ring accidents, this 


particularly in this present 
emergency, offers ai great 
opportunity, vel many more 
planes are being built for pri- 
vate owners and commercial 
transport than are being built 
for all military services, and 
with a larger margin of profit, 
and a greater value per pur- 
chasing dollar, 

Since these planes are not 
built with the design restrictions required in 
military planes for bomb racks, machine guns, 
cannon, and armor, development of small planes 
and their sale in large quantities can be the real 
backbone of national defense for the training of 
thousands of pilots, and also the foundation for 
entirely new developments in bigger, lighter 
and stronger transport planes for passengers, 
freight, Army or Navy. All these aircraft can 
undoubtedly be built easily and rapidly — once 
this technique of stainless steel design in mini- 
mum weight has been solved. 

Our firm built the first all-metal airplane 
in the United States. It was made of duralumin. 
We now hope to be the first to develop, in 
practical mass production, stainless steel con- 
structions which can lead the American aircraft 
industry to new heights. 


Stainless Steels in the Defense Program 
By Philip L. Coddington 


N World War I, stainless steels were little 
known and had not reached a point of devel- 
opment which would make them available for 
use in chemical and process equipment. Explo- 
sives at that time were produced in vessels 
which have long since succumbed to the ravages 
of corrosion, if they have not sooner been retired 
on account of obsolescence. 
Today raw materials as well as the finished 
explosives therefrom are processed almost 


stainless steel equip- 
ment will be entirely 
serviceable 25 years 
hence. 

It is fortunate that 
peacetime develop- 
ments have brought the 
manufacture of numer- 
ous stainless steels and 
the production of equip- 
ment from them to 
such a high degree of 
efliciency, for emergency requirements are 
being quietly and promptly met. 

For defense purposes high grade motor 
fuels are just as essential as explosives. No 
country in the world compares with the United 
States in quality and productivity in this field. 
Stainless equipment has played an important 
role in the many important developments since 
1915 which have maintained the petroleum 
industry in this country in a position of world 
leadership. It is playing an increasingly impor- 
tant role in the latest polymerization and cata- 
lytic processes. 

The chemical and process industries have 
also been confronted with many urgent prob- 
lems brought about by the defense program. 
The prospect of being cut off from supplies of 
various raw materials has speeded development 
of numerous processes. In certain of these 
‘ather closely guarded processes the chromium- 
nickel stainless types have been found most 
useful because of their high strength and impact 
values at subzero temperatures — entirely aside 
from their corrosion resistance. 

Finally, in a world which is so busily plan- 
ning mass destruction of human life, it is inter- 
esting to note that important developments are 
taking place in the bio-chemical and pharma- 
ceutical field. Here stainless has recently been 
playing a most important part. Through its use 
as equipment for the perfection of new reme- 
dies and antiseptics, stainless steel is doing 
its bit toward healing the world’s wounds and 
curing some of its ills. 
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Metals for High Temperature Service 


By J. J. Kanter 


Research Metallurgist, Crane Co 


ONSTRUCTION of many new plants in the 

oil refining and power industries for opera- 
tion at extremely high temperatures has intro- 
duced a number of metallurgical problems. 
Catalytic and alkylation processes are particu- 
larly exacting in their service requirements. 
Here the materials must not only have qualities 
making for high temperature strength, but must 
also have a high order of chemical resistance 
and stability. In such work, pressure piping 
and its accessory equipment is trending decid- 
edly toward the more highly alloyed steels, both 
ferritic and austenitic. More emphasis than 
ever is being placed upon the use of stable com- 
positions of high alloy steel, and recent metal- 
lurgical investigations, both domestic and 
abroad, have thrown considerable light upon 
the iron-nickel-chromium steels and the vari- 
ous factors in their composition and treatment 
affecting their stability and chemical resistance. 
These investigations are proving an invaluable 
guide to the engineers responsible for the 
design and construction of the new power plants 
and refineries, 

Under the impetus of high temperature 
plant design, the Boiler Code Committee of the 
American Society of Mechanical Engineers has 
recently proposed a comprehensive table of 
working stresses for steels usable at tempera- 
tures up to as high as 1200° F.) These proposed 
stresses represent a digest of much research and 
testing of steels at high temperatures as well as 
operating experience. 

The use of non-ferrous metals at high tem- 
peratures has so far been rather limited, and it 
has been suggested that certain of the new serv- 
ice problems encountered might be met through 
their use. Although copper-base alloys gen- 
erally have definite limitations in their high 
temperature strength as compared to steels, 
their chemical properties do, in some instances, 
afford merits. More study is needed upon their 
high temperature properties so that the code 
committees might set comprehensive working 
stress tables for non-ferrous metals, as has been 
done for the steels. In the A.S.T.M.-A.S.MLE. 
Joint Committee for Research on the Effect of 
Temperature on Metals, such a research project 
has been organized. 

There can be little question that today’s 
knowledge of the engineering properties of 


metals and alloys is definitely more mature 
than a decade ago. Although startling new dis- 
coveries in the way of hitherto unknown com- 
binations of elements and properties may not 
be apparent, we do have a better understand- 
ing of the practical worth of economical mate- 
rials of construction, and we have progressed 
in the ability to evaluate their engineering use- 
fulness. It would seem that metallurgists and 
engineers are becoming more sophisticated in 
their dealings with materials, and rather than 
multiplying their efforts to produce ever new 
and radically different substances, are devoting 
an ever increasing effort to the rational treat- 
ment and application of those already known. 


Stainless Clad 


OR ANY APPLICATION in which corrosion 

resistance of one surface only is necessary, 
clad steels present a definite economy. Such 
metals as stainless iron, stainless steel, nickel 
and copper are all relatively expensive and 
thus, in homogeneous form, material costs are 
high. By using relatively inexpensive mild steel 
for the major portion of the plate or sheet, the 
net value of the clad article may be substan- 
tially reduced — savings of as much as fo‘ are 
often possible. 

The introduction of clad metals for equip- 
ment and structures on a commercial basis 
dates back about ten vears. In these early days 
of the clad steels there was very considerable 
difficulty with the “bonding” — that is, effect- 
ing a strong union between the components, 
In fact, the difliculties were sufficient to raise 
serious question in the minds of many fabri- 
cators and users regarding clad steels in general. 
Within the last five years methods have either 
been developed or perfected which result: in 
entirely satisfactory “bonds”, and it is now 
relatively rare to encounter difliculty in- this 
respect with the commercial products. 

As is indicated in the outline on page 385, 
several successful methods are used in the pro- 
duction of clad steels — casting, hot rolling, 
electrodeposition of iron and hot rolling, spot 
welding, continuous welding and intermelting 
are all being successfully used. In some cases 
one method is more economical than another; 
thus, consideration should (Turn to page 466) 
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Properties of the Principal Cr-Fe Alloys 


2%Cr| 5%Cr \9%Cr\ 12%Cr| Cutlery 17% Cr 27%CP 
Chemical composition 
Chromium 175to225| 4tob6 @tol0| 12tol4 IZtola 16toIl8 25 to FO 
S/ and Mn (mex.) 0.50 0.50 0.50 0.50 0.55 0.50 0.50 
Cerbon 0.10 toQ20 | 0.15 QF0to040 0.10t 0.10t 
Soecitic gravity 
Lb. per cu.in. — 0.280 0282 0.276 0.278 Q275 Q270 
[Mild stee/= 1.00] — 0.99 1.00 0.97 0.98 0.96 0.95 
Electrical resistance at 70°F 
Microhms per cms — —_ — 57 60 59 67 
(Mild steel = 1.00) 5.2 5.5 5.4 6.1 
Melting renge , F. 
Top 2790 2750 2750 2750 
Bottom — 2760 — 2750 2580 2710 27/0 
Structure (normal ) | Pearlitic| Pearlitic \Mertensitic| Martensitic| Martensitic Fervitic Ferritic 
Megnetis™ or ferritic 
Ferromagnetic ves ves res ves ves res 
ability \ Cold worked /0% — — — 
Specific heat 
Cos.units, 0 to 100. cme 0.11 0.1/1 0.117 0.11 0.11 
[Mild steel = 1.00) — 1.0 1.0 1.0 1.0 
Thermal conductivity 
*C.9.8.units Et — 0.0874 0.0595 0.05 0.0585 0.0500 
[Mild stee/=100) — 0.75 — 0.50 0.42 0.49 0.42 
Cg.s. units et 500%. O.080S — 0.0686 — 0.0624 0.0583 
Thermal expension 
per F.x 1,000,000 
From 32 to 212 F. 6./ 6.29 6./ §.7 6.0 5.9 
[Mild steel = 1.00) 0.93 O95 0.95 0.87 0.91 0.90 
From 32 to G52F. 2.2 2.00 6.7 6.6 6.7 6.5 
Mechanical Pro- | Cold Cold 
An- | An- | Feat | An- 
perties at Room | nesjed| |2 9 |nesled| | | nesieg Worked 
Uitimate strength, }000psi.|60 to 70\ 66 | 115 | 75to87| 65 | 125 |\100 230t0260| 75 | 100toI90 | 750095 tol75 
Yield point, psi. JO 27 | 105 | F5to45| 35 | 100\ 65 |\200to220| 40 50t060 | S5to/55 
fiongstion, % in Zin. 40to30\ 38 20 |\40to30| 20| 27| 8to2 27 30 to20 — 
in 10in. —|— — —|—|— — — | 24t02 25 to2 
Reduction of area, % — 76 66 — 65 | 60| 59 | 20to2 55 | 400020 | 60to50 | 55to25 
Impect, ft-lb., Cherpoy F5to65| —| — |55t060| — | — 
Izod 75 — 8to25 — — — 
Fatigue enourence 
Corresponding 
ultimate strength 76 78 
Hardness, Brinell 130 tol60\ 136 250 \45tol80\ 140 |\230 |\/70 480 178 | 185to270|\ 160tol90|150to250 
Rockwell — 8-75 | C-24 8-76 | C-22| — C-56 B85 |8-90to/05 | B80to90| C-O0to25 
Stress in psi. { 1000%.| 11,400 2,000 |11,600\ 13,000 8.500 
céeusing 1% 1100 5,650 — 6,950 | 5,200 £,200 — 
“creep” in 1200 3,150 2500 | 2,100 2,/00 1,600 
IO 1F50 — — 1,400 1,200 400 
caling temp., F 1200 1200 1300 1750 1550 2100 
Initia! forging temp., ¥. 2100 2100 2000 2000 2200 
Finishing temp., F. Aboutl400\| — |mex./450 1700 ALLY mex.!400 to /450 
Annesling treatment furnece — |Prolonged | 1575 tol625F. ** Jhr.or more et 
cool fram heating et 450% end quench 
1580. | 


* Therme/ conductivity is measured es calories per sg.cm. per sec. per cm. 
tt Oi/ Quenched from I850%¥. end crewn. 


t Quenched end drewn at 1100F. 


** Smell cold reduction, followed by anne! at 1400°F. and quench 
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Properties of the Principal Cr-Ni-Fe Alloys 


18-8 18-12 25-12 25-20 | 18-26 
| 
Chemical composition 
Chromium 17? to 19 | Mod/fi- 17 to 19 22 to 28 24 to 28 tol9.5 
Nicke/ cetion 1) to125 12 to 16 I9to 2! | 25to&6 
Si and Mn 0.50 | with 0.50 — | Z0Si mex 
Cerbon 0.10 : titanium 0.10 0.152 0.15 max.| O20 max. 
Specific gravity | 
Lb. per Cu.in. 0.286 | 0285 Q287 0.285 Ueoer 0.280 
(Mild stee/= 1.00) 1.07 | 1.01 1.02 1.O .O/ 0.99 
Electrical resistance at 70°F | 
Microhms per.cm$s 70* | 2 23 78 907 102 
(Mild steel = 100) 6.4 6.5 6.2 2. 
Melting renge, F. 
2590 2590 — 2570 2600 — 
Bottom 2550 : 2550 — 2530 2550 | — 
Structure Austenitic | Austenitic Austenitic Austenitic Austenitic 
Magnetism 
Ferromegnetic — | Trace 
Perme-| As annesled 1.005 1.005 1.003 1.003 1.003 
ability \Coldworked 10% 7.10 | 1.006 — 
Specific heat 
Cas. units, Oto 100°. 0.12 0.12 0.12 O12 
Therme/ conductivity 
**C. 9.5. units et 100%. 0.0590 0.03585 0.0380 to 0.04 Q0Fto004 
(Mild steel=100) O.3F 0.52 0352 02510035 |\025t0035| — 
C.gs. units at 500°C. 0.0515 0.0528 0.0520 — 
Thermal expansion 
per x 1,000,000 
from 32 to 212 F. 9.6 | 9.F 9.9 8.F 8.8 &.8 
(Mild steel=1.00) 1.45 | 140 1.50 1.26 13S 
From 32 to 932 F-. 10.2 | 10.3 10.8 9.6 9.4 9.35 
Mechanical Pro- Cold t Cold Cold 
An- Stabi/- Al- Al- An- Al- 
berttes at Room Worked |“; Worked Jeg | Worked | | nealed 
Jempereture nealed [Wire} ized | nealed (Wire) 
Ultimate strength, 1000psi.\ GO to 95 \105 toZ00\| BOto95 | 80t090 |\/05to275\ 9Otol'0 to270\ | 90 toll0 
Yield point, 1000 psi. 35 to 45 | 60to250| 45 40 — 90 to 80 65 to250\ 65 | 45t050 
Elongation, % in Zin. 65 to 55 60 to50 60 50 to 55 60t045 | 35to30 
in — 50 to2 — 50to2 J5to2 — 
Reduction of eres, % 65 to 55 | 65t030 | 65 to 65 65 to30 | 60to¥5 | 55t020 45 to 55 
Impect, ft-/b.;Cherpy 80 77 —- — 40 to 
Fatigue enourence 
limit, 35 94 48 — 52 — 
Corresponding 
ultimate strength 90 150 90 — — /10 _ _ 
Hsroness, Brinell 135 to 185 \170 to4&0\ 1355 tol8S to 65 \170 to 380 | 150 to 185 to 575 130 to 190\ 160 to 185 
Rockwe// 8-75 to 90| C-5 to47 |B-75 to90 \B75to85 |C5to4O | B80t090'\ C-5togO0 
Stress in psi. 1900%. 17,000 
200 7,000 2400 
1350 J,000 3,300 
creep in 1500 850 1,100 — 
10,000hr.et |\ 1600 1,900 
Scaling temp.,F. 1650 1650 1650 2/00 2000 7650 
Lnitiel forging temp..F. 2200 As for 18-8 2200 to 2300 1950 
Finishing temp., F. Not under 1600 to/700 As for Notunoer!600 to!700| — — 
Annesling treatment Heatat 1900 to tt As for 18-8 Heat et 2000 to — |Asfori8d 
2000F and quench 2150F. and quench 


* Flectrice/ resistance of cold worked 18-8 ranges from 70 to 82 microhims per cm.cube 
** Therme/ conductivity is measured 8s Ce/ories per sg.cm. per sec. per °C. per cm. 

+ Sme// co/d reduction, followed by ennes/ et 1400°F.end quench 
tt Final heat treatment must consist of 2 to4 hr. soek et 1550. 
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be given to the application. For example, a 
's-in. thick stainless sheet may be bonded to a 
2-in. thick mild steel plate most economically 
by spot or seam welding. On the other hand 
spot welding is not the best procedure for plates 
in the neighborhood of ®*; in. thick. There are 
advantages claimed for one method over 
another but the significant fact is that each 
product has been and is being used in service 
with satisfaction. 

There has been in the minds of many poten- 
lial users a considerable question as to the use- 
fulness of clad metals in view of the presence 
of dissimilar metals. In actual practice it has 
been found that the theoretical difficulties (such 
as different coeflicients of expansion) have not 
caused any real trouble. For instance, tests have 
been made on clad material as high as 1700° F. 
with no separation of the components. 

Until lately there was a scarcity of techni- 
cal information on the subject of clad metals 
but the literature is rapidly expanding. Special 
forms of tests and special tvpes of heat treat- 
ment have been developed and specific prop- 
erties have been determined by the producers. 
In short, clad metals are growing to maturity. 

At the present writing the clad metals are 
being used primarily in the chemical, petro- 
leum, food, textile and paper and pulp indus- 
tries. Some use is being made in the decorative 
fields but so far a com- 
paratively small quan- 
tity has been utilized in 
light gage work, such as 
automobile trim. Since 
the major saving is pos- 
sible on plates and on 
relatively heavy sheets, 
these were first devel- 
oped. It is not impos- 
sible that the lighter 
gage clad steels may also be made commercially 
significant, through some collateral advantage 
(such as workability) that will be strongly 
reflected in the overall cost. 

So far as the future is concerned, this 
should be a rapidly growing field and should 
eventually assume very substantial proportions. 
The material has a natural economic impor- 
tance because it enables a reduction in cost with 
equivalent service life. Should the United 
States become involved in a war, the clad steels 
should assume further importance because they 
enable conservation of various alloys which are 
not easily obtained in this country. 


Nickel, Inconel, Monel 


By H. E. Searle 


Manager of Engineering Sales 
Monel and Rolled Nickel Dept 
International Nickel Co. 


Or OUTSTANDING importance in the family 
of nickel alloys is the group usually asso- 
ciated with rolled nickel. These include among 
others Monel, Inconel, “K” Monel, and “Z” 
Nickel. Primarily used to defeat corrosion and 
to preserve product purity in many industries, 
rolled nickel and Monel have served a wide 
range of requirements for over 30 vears. 

Further specialization came almost 10 vears 
ago with the introduction of Inconel — contain- 
ing approximately 80° nickel, 14° chromium, 
and 6% iron. Combining most of the charac- 
teristics of nickel and Monel, it added an even 
higher degree of resistance to elevated tempera- 
tures, a slightly different range of corrosion 
resistant properties and unique spring qualities. 

Since the introduction of Inconel, additional! 
specialized alloys have come with “K” Monel 
and “Z" Nickel. Both are heat treatable to pro- 
vide strength and hardness usually associated 
only with the alloy steels. During the past vear 
there has been a notable increase in their use. 

Applications of “K” Monel for heavy duty 
pump shafts and other 
items of equipment 
where high resistance 
to corrosion must be 
combined with strength 
and exceptional wear 
resistance, are mount- 
ing significantly, “Z 
Nickel Ni), whose 
mechanical properties 
run even higher, is 
expanding in use for electrical applications 
and for spring purposes, where its unusual 
fatigue resistance is a big factor. 

Still another trend is the use of Inconel 
sheet for the construction of carburizing boxes, 
nitriding furnace linings, carburizing trays, air- 
plane exhaust manifolds, and other equipment 
exposed to high temperature, where the alloy 
is replacing much heavier castings. 

As the demand for special duty materials 
grows more urgent, some of the casting alloys 
are coming more and more to the fore — led 
by “S” Monel. Non-galling and highly resistant 
to wear, if is an important material for valves, 
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valve trim, liners, and for similar purposes. 

In wider markets, both rolled nickel and 
Monel are keeping proportionate place with the 
newer members of the group. Increase in gen- 
eral industrial activity naturally calls on a 
widening scale for corrosion resistant materials, 
especially since the requirements everywhere 
are for equipment offering long life, better per- 
formance, and improved products. 


Heating Element Materials 


By Erich Fetz 
Research Metallurgist, Wilbur B. Driver Co 


MPROVEMENT of the 80-20 nickel-chromium 

alloy — marketed as “Tophet”, “Nichrome”, or 
“Chromel” — has been quite remarkable during 
recent years. Progress has repeatedly 
called attention to this metallurgical progress, 
as well as to the A.S.T.M. accelerated life 
testing method which is intimately connected 
with the development. As the “life” at ele- 
vated temperatures has been increased over 20 
times since 19385, the question arises as to the 
limit of further improvements. One ultimately 
limiting factor must now be faced squarely, 
namely the comparatively low melting point 
(about 2550° F.) of the 80-20 alloy. 

Very little information has been published 
on the relatively new heating element materials 
based on iron-chromium-aluminum alloys and 
marketed as “Alchrome”, “Kanthal”, “A. O. 
Smith No, 10°. Their aluminum content ranges 
from 3 to 6°, depending on the manufacturer. 
Metallurgical and commercial interest is natu- 
‘ally attracted by their impressively high melt- 
ing point, which is about 200° higher than 
that of 80-20. Furnaces are reported to have 
run thousands of hours at 2400° F. while the 
maximum service temperature of 80-20 is about 
2100° F. 

Although the use of Fe-Cr-Al alloys for 
heater purposes was proposed in this country 
as early as 1912 (U.S. patent No. 1,057,754) the 
commercial development and application has 
been largely in Europe. The endeavor to 
become independent of the “strategic” nickel 
by using an iron-base alloy probably constitutes 
a very important reason why nickel-chromium 
alloys have been partially replaced over there. 
The lower costs of the raw materials — ferro- 
chromium, aluminum and iron at one hand and 
pure chromium metal and nickel at the other- 
may have also attracted European metallur- 


gists in their all-embracing search for cheaper 
and cheaper ersatz alloys. However, the raw 
material costs are multiplied by the enormous 
difficulties involved in the manufacture of the 
iron-chromium-aluminum alloys. As a matter of 
fact, a period of several years of intensive 
research work was required before these tre- 
mendous difliculties were gradually overcome. 
Special melting and hot and cold working proc- 
esses had to be developed to convert them from 
the hard, brittle, coarse-grained, as-cast state 
into ductile wire and ribbon. 

Their introduction as heater alloys has been 
and is still being retarded in America by lack of 
information on the proper methods of testing 
and inadequate furnace design. The A.S.T.M. 
accelerated life testing method, especially 
designed for the nickel-chromium resistors, is 
misleading as to the true value of more refrac- 
tory alloys. Due to their low strength at ele- 
vated temperatures, this test indicates a “useful” 
life (to 10° increase in resistance) of only a 
couple of hours at say 2150° F., while industrial 
furnaces have been operated for thousands of 
hours at considerably higher temperatures. 

Likewise the old principles of furnace 
design had to be radically revised. In contra- 
distinction to nickel-chromium, iron-chromium- 
aluminum heating elements must be extensively 
supported and be protected against mechanical 
injury. With these precautions in mind, good 
service may generally be expected from them at 
extreme temperatures, especially where 80-20 
fails to operate. In sulphur bearing atmos- 
pheres or in contact with media containing 
sulphur, as for instance kieselguhr and some 
grades of asbestos, nickel-chromium alloys are 
destroyed rapidly. Here, a field is wide open 
for the iron-chromium-aluminum resistors, 
which, at the other hand, cannot be recom- 
mended in dissociated ammonia, for instance, as 
both chromium and aluminum eagerly react 
with nitrogen. 

Each class of resistor material has evi- 
dently its distinct advantages and shortcomings 
and some characteristic features make each 
alloy non-competitive in certain fields of appli- 
cation. We are bound to hear more about the 
iron-chromium-aluminum alloys in this country 
from our own manufacturers, Formerly much 
of it was imported, but we have been cut off 
from former European supplies. Americans 
have lately succeeded in overcoming most of 
the production difficulties and the result is lower 


manufacturing costs. 
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Engineering Properties of Monel Metal 


Data from 
International Nickel Co., Inc. 


ONEL Mera. is a solid solu- 

tion of nickel and copper 
approximately 67:30, with added 
to control 


Typical 
flions are as shown at right: 


elements 
roperties. 


PRODUCT NI Cu FE Mn Si Cc AL Ss 
Wrought; Regular 67 30 14 1.0 0.1 0.15 - (Note) 
“K”" (heat treatable) 66 29 0.9 0.4 0.25 0.15 | 33 0.005 
Cast; Regular 67 29 1.5 09 | 1.25 03 | 
certain “H” (high strength) 65 29.5 1.5 0.9 30 | O1 | 
composi - “S” (non-galling) 63 30 2.0 09 | 40 01 | 


Properties of Monel Metal Castings 


(Note) A high sulphur variety called “R” Monel is free machining. 


Stress in psi x 1000 


Physical Constants of Wrought Monel 
PROPERTY REGULAR H MONEL S MONEL 
— - Specific gravity ....... . 8.84 
Tensile strength (1000 psi.) 65 to 80 70to 90 90 to 115 0319 
Yield (1000 psi. for 0.5% extension) 32to 40 45to 65 70to 90 
Elongation (% in 2 in.) 45to 25 20to 10 3to 1 — wager seit mil 
Izod impact, ft-lb. 80 to 65 45to 35 5to 1 
Brinell hardness 125to150 | 170 to 210 275 to 350 ine } pom 
Temperature for slight oxidation AS 570° F Heat expansion coefficient 
Annealing range (standard monel) ....1400 to 1800° F. at 80° to 212° F., per 'F... 0.0000078 
Forging range (standard monel) ...... 2150 to 1600° F. = 25 be woo C., per “C..... 0.000014 
Pouring re “astings ............ 50 to 2900° F Thermal conductivity 
at 80° to 212° F., B.t.u./sq.ft./hr. 
Cold-Rolled Sheet and Strip 2s. eee . 180 
at zero to 100° C., cal./sq.cim. sec 
SHEET STRIP APPROX. 0.06 
TEMPER TENSILE > 
Dead soft ay <60 <16 | <60 ~~ 70.000 at 0° C., microhms/cm.* ............... 42.5 
th » eee Fe 17 to 18 61 to 68 75.000 Temperature coefficient of electrical 
resistivity 
Skin hard to 20 69 to 73 77,500 0.0019 
Quarter har 21 to 24 74 to 82 1 to 24 74 to 82 80,000 Modulus of elasticity 
Half hard 25to30  83to89 | 25to30 83to89 90,000 im Bel. ............ 26,000,000 
Three quarter 31 to 35 90 to 93 | 31to35 90 to 93 100,000 Se I. cadcevenesbanbawn 9,500,000 
Hard 36 | 36to40 to 97 110,000 0.32 
Mechanical Properties of K Monel 
CONDITION ULTIMATE* Yrep (0.5% ELONGATION | REDUCTION BRINELL 
Set) 
Soft, quenched from 1450 F. <120 <80 >40 > 50 < 225 
Reheated to 1000° F. 120 to 140 80 to 100 >30 >35 225 to 275 
Reheated to 1100° F. 140 to 160 100 to 120 >20 >25 275 to 325 
Cold worked and reheated to 1100” F. > 160 > 120 >15 | >20 >325t 
*In 1000 psi. *Machined only with difficulty. 
120 T | | | /— 120 
} | | 
110 | Hot Rolled Mone/ at E/evated t page © roperties 110 $9 
Temperstures | ef Rods. and Forgings 
| | Re 
| | Tensile strength Tensile strength | 
| | | | 
| | | S 
6) + + + + - - + — — 
| | Reduction of area 
60 rer. =e +— —{ 60 
Short time tests | Limiting | Yield Strength | 
cree, 
Q1% creep in | | 
| simit Cy 
A + — + + = 
3O | Yield strength = 50 XS 
2% set | Llongation- S 
20 | — 
10 t 4 + + over oe) 10 § 
OO! % creep in 1000 Ar forgings 
O O 
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Improved Foundry Practice 


By H. H. Harris 


President, General Alloys Co. 


of the Alloy Casting Research 
Institute at Battelle Memorial Institute and 
of the Chemical Foundation at Massachusetts 
Institute of Technology have been unusually 
fruitful, but they have as vet had little influence 
on the industry. The principal progress in heat 
and corrosion resisting castings has come from 
improved methods of heat treatment, inspec- 
tion and finishing and better foundry practice: 

1. Control over the gas content of the melt. 

2. Control of grain size in the casting by con- 
trolling its pouring temperature and cooling rate, 
the latter by varying the capacity for heat absorp- 
tion by appropriate portions of the mold. 

3. Control of shrinkage and strain by various 
expedients —(a/ “yielding” and “non-yielding” 
sections in the same mold; (b/ pouring from two 
or more ladles of planned differences in tempera- 
ture; (c/ innovations in gating procedure. 

t. Improved varieties of synthetic sands. 

». Use of semi-permanent molds. 

6. Pressure casting to secure more uniform 
density than possible with conventional sand cast- 
ing or centrifugal casting practice. 

Many of these advances were utilized in 
casting the monumental plaque for the Associ- 
ated Press Building, described in the May issue 
of Merat Progress. They also have enabled us 
to achieve an outstanding service to the auto- 
motive and aviation industries in the alloy 
retorts, fans and other parts which are the 
“guts” of the radically new Leeds & Northrup 
vapo-carb and homo-carb carburizing furnaces. 
Batteries of these have been installed in the new 
air engine plants. Retorts up to 36 in. in diam- 
eter and 7 ft. long are made in '4-in. wall section 
and have proved highly successful under the 
most severe service conditions to which alloy 
has been exposed. 

Such recent notable progress was conceived 
and its main course planned long ago during 
depression vears, but it could not come into 
being because price levels and consumer fore- 
sight were at a low ebb. Alloy manufacturers 
having greatly improved products to offer could 
not launch these improvements in a depression 
market where many buyers said, “We couldn't 
buy it if it was good, so why tell us about it?” 

Despite the fact that alloy conveyor mecha- 
nisms of various proven designs have been com- 
monly used in heat treating furnaces for many 


years, it is only recently that heavy loads have 
been handled. A most outstanding example is 
the Jamestown Malleable Iron Co.’s short cycle 
malleable furnaces built by Surface Combus- 
tion Corp. equipped with trays having six 
wheels, running on “hard” alloy bearings. 
These have been in service two years without 
alloy replacement. 

Alloy conveyor designs are ready and wait- 
ing for loads up to 500 Ib. per sq.ft. and can be 
most advantageously adopted in properly 
heated furnace for shell annealing and the car- 
burizing of armor plate. Despite the fact that 
many users and many able furnace builders, 
experienced principally in the heavier types of 
furnaces, are skeptical of heavily loaded alloy 
mechanisms, this writer emphatically states 
that most of the big jobs can be handled as easily 
with alloy mechanisms as the small ones. 
Progress in alloy engineering, thoroughly devel- 
oped on a commercial scale, including such in- 
novations as “hot” roller bearings and gear 
trains operating at 1800" F., is ready to serve 
the nation through vastly improved heavy fur- 


nace mechanisms. 


Heat Resisting Castings 
Medium Nickel Type 


By Harrison |. Dixon 
The Electro-Alloys Co 


HE PAST YEAR has seen little change in the 

manufacture of heat resisting alloy castings 
of more-or-less standardized types of analysis 

medium nickel NC-4, or the 35‘ nickel, 15‘, 
chromium type, and the chromium-nickel CN-30 
of 28°. chromium, 12‘. nickel — a lack of news 
little missed in a world teeming with economic, 
military and political upheavals. Largely due 
to the rearmament program, as well as increased 
production of metal parts for industry, each type 
has had an extensive growth in tonnage. 

Heat resisting castings today are subjected 
to service stresses and higher temperatures, 
never thought possible in the early use of alloys. 
Continuous and batch type gas carburizers 
require trays and fixtures to carry heavy loads 
of work from room temperature fairly rapidly 
to 1700° F. under reducing conditions, followed 
by complete immersion of fixture, tray and work 
in an oil or water bath; the evcle is then com- 
pleted by a drawing furnace operation, at 900 to 
1300" FF.) and tray and fixtures are reloaded. 
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Valves and Valve Seat Material 
From paper by 8. D. Heron, O. E. Harder and M. R. Nestor before American Society for Testing Materials 
CHEMICAL COMPOSITION ROCKWELL HARDNESS BRINELL Harpness, Hor 
No 
Cc Sr Cr NI Ww Mo OTHER NaTuURAL | AFTER 1475 F. Draw Art930 F | AT 1475 
Martensitic or Pearlitic Steels 
1 0.40-0.50 3.0 -3.5 8.0 -9.0 ‘ ‘ : C-32 to 35 C-20 to 29 169-179 16-20 
2 0.35-0.45 3.9 42 2.8 -3.0 
3 0.50 1.5 80 0.75 
4 0.60-0.85 1.25-2.75 19-23 10 -2.0 : C-38 C-31 254 26 
5 1.0 -1.1 18 -20 13-14 0.75-1.0 3.25-3.75 0.50-0.75 
6 1.27-1.43 < 0.65 115-14 <0.65 . 0.45-0.95 2.5-3.5 Co C-55 38 at 160( 
7 0.50-0.70 3.0 -4.0 12-16 
8 1.0 -1.2 <—0.50 12-14 <0.50 
9 0.5 0.2 11.0 1.5 j 0.5 Mn. 18 Al 
10 2.5 -3.0 15 -2.0 2.75-3.25 4.0 -50 0.6-0.8 Mn 
11 1.0 10 25.0 c-40 Cc-19 28 
Austenitic Steels and Nickel-Chromium-tron Alloys 
2 0.30-0.45 2.50-3.25 17.5-20.5 7.0-9.0 : , C-26 C-24 142 45 
13 0.20-0.30 0.70-1.00 21-22 11-12 7 ‘ C-20 to 27 C-18 to 22 130-180 55-78 | 
14 0.20-0.30 25 -3.0 21-22 11-12 C-24 C-20 166 71 
15 0.40-0.50 0.30-0.80 13-15 13-15 1.75-3.00 0.50 C-25 C-23 162 55 
16 0.40-0.50 2.75-3.25 13-15 13-15 1.75-3.00 < 0.50 C-30 C-22 165 53 
17 0.50 1.25 14 26 3.5 ° C-22 C-16 182 84 
18 0.40-0.50 0.30-0.80 24-26 13-15 2.0 -3.0 B-94 B-94 76 
19 0.95-1.20 2.0 -3.0 15-16 13-15 C-24 C-30 94 
20 0.50 1.0 20 32 10Mn C-21 c-19 174 80 
21 0.50-0.60 0.50 3.5 12 5.0 Mn C-22 B-95 140 55 
22 0.10 0.30 14 80 B-83 B-83 107 54 
2° 0.07 <0.75 18 8 : B-81 B-80 74 49 
Transformation Hardening Steels 
24 0.25-0.35 2.0 -3.0 12.0-13.5 7.0-7.75 C-42 C41 244 98 
25 0.40-0.50 <10 23.3-24.3 4.5-5.0 25 -3.5 Cc-41 C-36 230 63 
Non-Ferrous Alloys 
26 1.25 2.7 27 ; + 65 Co 217 at 1200 F. 132 at 1600° F 
27 2.0 0.9 30 ; 12 54 Co 314at 1200 F. 185 at 1600 F 
2% 0.20 0.30 21 Balance 0.90 Mn 0.60 Fe 
29 0.16 0.02 30.3 Cu 66.9 0.16 Al 0.90 Mn 16 Fe 
30 Bal. Cu 95 Al 05 Fe 
3i Bal. Cu 4.0-60 10.5-11.5 Al 4-6 Fe 
32 99.0 
+ 
ScauinG Loss CORROSION Rei 
Leap Compounps 
No | Resistance anp REMARKS 
IN EXHAUST 
OxipizInG | REDUCING PsO-PsBr, | | 2 PsO-3 PsSO, 
| | ArmospHere “CONDENSATE! 1550° F. 1800° F at F 
Martensitic or Pearlitic Steels 
j 1 50 } 140 Poor 41 100 200 Most widely used exhaust valve material 
| 2 160 | 360 | Very bad 41 106 258 Cheaper variety; inferior as to burning and rusting 
i 3 10.000 | 12.000 Very bad ° Unsatisfactory substitute for No. 1 
4 40 75 | Complete 1 104 8 Rapidly replacing No. 1 
5 Very bad Limited use replacing No. 6 
6 5.000 2.200 Very bad 16 136 6 | Superseded No. 7 for aircraft use in early 1920's 
7 | Verv bad a. “i — High speed toolsteel; adopted in U.S. in 1911; much used in War: 
} ln first valve with good hot strength 
if oy Fs 8 | 19,000 /c) 19.000 ‘c/ | Very bad 56 64 3 Cutlery stainless (modified); used in Europe for 1916-1918 aircraft 
: 9 ; | ; (d) 26 113 5 Reputation for unreliability in automobiles 
a 10 18.000 | 17.000 36 240 520 Cast exhaust valve seats for passenger cars and trucks 
ee ll 60 100 ; Complete 2 14 1 In experimental use 
‘ Austenitic Steels and Nickel-Chromium-Iron Alloys 
; 12 90 70 Complete 63 57 46 Wide use in automobiles for its hot strength 
13 30 60 Complete 37 43 2 Wide use in bus and truck engines 
Sis 14 50 | 90 Complete 48 48 17 Higher silicon than No. 13 does not improve resistance to burning 
eae, 8 | 2.600 1.600 e 20 126 26 U.S. aircraft exhaust valves; internally cooled and seat faced 
16 | 100 150 | Complete 25 92 184 Too hard to drill; seat inserts in aluminum cylinders 
17 840 370 | Complete 28 73 228 European aircraft exhaust valves 
Hh 18 50 40 e 12 47 0.3 Recently introduced to replace No. 15: about same in severe serv- 
1 ih | ice; no intergranular attack by sodium 
al 19 140 160 Complete Castings for both intake and exhaust valves on Ford motors 
20 60 40 Complete Limited use, as cast, in auto, bus and truck valves 
ir a 21 11,000 | 11,000 d Exhaust valve seats in European aircraft. High thermal expansion 
Fett u requires threaded design to remain tight 
Se Oi 22 60 50 Complete 40 42 254 Not used, despite interesting properties 
23 2.400 1.700 Complete 25 112 2 Not used, despite interesting properties 
| Transformation Hardening Steels 
‘ 24 2.800 2.300 Very good 49 81 ‘ Had limited use in autos and wide use in aircraft 
eae. 25 40 50 Complete 2 35 1 Better wear and scuffing resistance than austenitic steels; em- 
ia fer | brittled by many cycles between 1400 and 1600 F 
Non-Ferrous Alloys 
26 20 | 15 Complete 05 4 05 Stellite No. 6; almost universal in U.S. for welded-on seat facings 
in aircraft engines 
F 27 50 | 15 Complete 72 6 1 Valve seat inserts for bus and trucks, with higher hot hardness 
and wear resistance than No. 26 
} | ee 28 45 15 gain Complete 71 52 197 Brightray; used in Europe for welded-on seat facings 
he : 29 13.000 30 Very good Monel; used in Europe for some exhaust valve seat inserts 
i. 30 1.000 (f) | | Good 100 244 243 Formerly much used as extruded valve seat inserts in aluminum 
cylinders 
ey 31 | Good Cast and heat treated substitute for No. 30. Neither good for 
{| leaded fuels 
ati 4% 32 250 70 Complete 3 340 504 Commercially pure nickel; has unusually high hot corrosion re- 
sistance 
Notes: (a/ Loss in mg. on %x2-in. rod after 300 40-min. cycles between c) After 250 cycles 
1800° and 650° F. Fuel is a special kerosene with anti-knock additions d) Probably very bad 
burned with 15% Ib. air per lb. for oxidizing atmosphere and 12‘ Ib. for e) Complete if not nitrided; poor when nitrided 
reducing. Low results may be misleading ({) Maximum temperature on heating cycles: 1600° F 
(bd) Calingaert test Relative loss after 6 min. in molten compound (g) By mutual indentation. 
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While the quenching operation produces 
little change in the microstructure of the austen- 
itic alloys, the continual exposure to oxidizing 
or reducing conditions, or both in turn, produces 
incalculable stresses in castings, sometimes 
resulting in failure from premature cracking. 
The use of various types of alloy additions, such 
as titanium, vanadium, columbium, or nitrogen 
treated ferrochrome, has helped but not elimi- 
nated these troubles. More attention to the 
quality of raw materials, condition of mold and 
core sand and X-ray inspection is producing 
castings with fewer internal as well as external 
defects, and a resultant longer life. 

The 29-9 chromium-nickel type of alloy 
casting, 0.20 to 0.30 carbon, has shown good cor- 
rosion resistance in the as-cast condition, with- 
out the use of a stabilizer such as titanium, as 
compared to the low carbon 18-8 type in similar 
applications. Fabricated alloy sheet and cast 
“combination” carburizing boxes have been 
improved by introducing a “tongue and groove” 
type of flexible joint for top and corner pieces, 
thus allowing a free movement of the side wall 
and resulting in less cracking and deformation. 
Castings of high chromium-iron alloys with 
minor nickel and low carbon (28% Cr, 1% Ni 
max.) are now operating as container and elec- 
trode at 2300° F. in electrically heated salt baths 
for hardening high speed steel. Casting life in 
such installations, where temperature is not too 
intermittent, now approximates six months. 

Physical properties of the 24% Cr, 12% Ni 
and the 35° Ni, 15% Cr types, as shown by the 
Alloy Casting Research Institute and quoted in 
Merat ProcGress in October 1939, page 553, indi- 
cate higher ductility for 35-15 alloy, after pro- 
longed high temperature exposures, with little 
loss of mechanical strength. This is of special 
importance to furnace castings (except where 
sulphur is present, which requires the use of 
24-12, due to sulphidation of high nickel type 
alloys) inasmuch as cracks from heating and 
cooling stresses are apparently resisted by the 
increased ductility found in 35-15. 


High Nickel-Chromium Castings 
By Joseph B. Shelby 


Manager, Foundry Dept., Driver-Harris Co. 


- THE TEMPERATURE RANGE between 1300 

and 2100° F. the industry has centered on three 
predominating analyses. They are 60% nickel, 
13% chromium; 35% nickel, 15% chromium; 


and 12° nickel, 26% chromium. In all of these 
the balance is iron plus the important ingredi- 
ents of carbon, silicon, manganese and minor 
alloy additions. While this variety would seem 
to provide a convenience in the foundry, yet 
even these representative analyses must be 
varied in minor ingredients to be suitable for 
particular applications, and it is this selection 
which imposes so much responsibility on the 
designer and foundryman. 

Gas carburizing has clearly shown itself to 
be one of the most difficult applications for 
alloys to withstand, and most frequently this is 
complicated by the supplementary operation of 
an oil quench. The mechanism of failure of 
alloy parts in gas carburizing by erosion or cor- 
rosion is not yet fully understood but repre- 
sentative foundries have learned to control it, 
and a great improvement in life under these cir- 
cumstances is assured. The most severe service 
arises where the alloy is completely surrounded 
by the gas, as is the case when baskets, trays or 
fixtures are used in muffles and retorts. 

Of great importance now to the carburizing, 
nitriding and heat treating fields is the econom- 
ical loading of a furnace to get the greatest pro- 
duction. The full cooperation of all concerned 
has frequently resulted in doubling the load in 
a given furnace. This accomplishment has 
resulted from interesting designs requiring cast- 
ings, rod, tube, sheet and welding of high alloys. 

The position of the alloy casting industry as 
regards national defense is indirect, but our 
greatest outlet is to industries engaged in 
defense work. Since the inception of these 
alloys, their uses and limitations have been 
studied and improved, and today they offer 
means of doing things faster, thus being a 
contribution towards increased production of 
mechanisms unequaled by any other single fac- 
tor. They make today’s furnaces possible. 

Even with this tremendous importance 
attached to their use, the true worth of these 
alloys is not always developed. The “heat-hour” 
cost of use in service is the only true denomina- 
tor and not the first cost or purchase price. 
When this fact is studied, it leads to real econ- 
omy. “Nominal analysis’, usually designating 
only the nickel and chromium in the alloy, is not 
indicative unless melting and molding practices 
of the competing foundries are identical. Where 
sulphurous gases are not present, as is the case 
in the large majority of high temperature appli- 
cations, a study of heat-hour costs will demon- 
strate the economy of the higher nickel alloys. 
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highly diverse castings oe 
shown to strengthen your conviction that there 
is no substitute for experience and—if you 
know alloys—that General Alloys has no 


quality competition. 4 


CONSECUTIVELY 
GENERAI ALLOYS COMPA 


Durin 


om | AVE been the largest exhibitors in our line at the Metal Shows. 
time we have carried more advertising in A.S.M. publications than all comp 
combined. 


Accepting the responsibilities of leadership of an industry, our exhibit at th 


A.S.M. National Metals Exposition will establish NEW HIGHS IN ALLOY ENGINE! 
—METALLURGY—FOUNDRY PRACTICE—SERVICE RECORDS. Supporting our 
Exhibit, the largest installations of heat resisting alloys in Cleveland—predom 


Q-Alloys—can be seen on “Plant Visitation” Programs of A.S.M. 


GREAT SHOW! 


AND 


Oy 


a 643. 


engi- 


England 
neers and metallurgists excel in alloy technology. ne 


craftsmen excel in that art as General Alloys 


TED 
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than a science and General Alloys’ New 


30,000 patterns and mere comprise the foundry 


' 
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io ore so wide a variety of alloy castings 
—studying these applications and 
checking performance has given MICHIANA 
a storehouse of experience of value to all 
users of heat- and corrosion-resistant alloys. 


Difficulties Eliminated — 
Costs Reduced 


Frequent breakages of heat-resistant alloy 
chains in heat treating furnaces brought 
MICHIANA in to investigate the costly 
difficulties. 

Correction had been attempted by in- 
creasing the chain weight, but a study of all 
the factors disclosed the fact that the sprocket 
designs were the cause of the trouble. With 
redesigned sprockets, much lighter and less 
costly MICHIANA alloy chains proved satis- 
factory and frequent breakages 
and production delays were 
eliminated. 


Consult MICHIANA on 
Alloy Castings 
This typical case is cited to illus- 
trate our policy of cooperation. 
Nearly a quarter - of -a- century 


specialized experience is at your 
service ... A MICHIANA sugges- 


Visit our Booth H-25 
National Metal Congress 
Cleveland, Ohio 


Retorts « Rails 
Pots « Boxes « Grids 
Sprockets Chains 

Rolls « Tubes 


Heat-Resistant and 
Stainless Steel Alloy 
Parts of all kinds. 


tion before the work is started may save 
valuable time, expense and trouble later. 

You can place your requirements with 
MICHIANA with full confidence of thorough 
handling from receipt of specifications and 
prints to the finished castings. 


MICHIANA PRODUCTS CORPORATION 


MICHIGAN CITY INDIANA 


Heat-resistantcas* conveyor chain, 
(MP) with sprockets and shafts also of 
heot- resistant alloy—fer a con- 


tinuous heat-treating furnace. 
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IF YOU USE FURNACE PARTS 


Don't Experiment-- 


ture equipment. 


expanding market. 


Beating heat and corrosion is the every-day task of the Standard Alloy Com- 
pany. The nickel-chromium heat resisting cast roller rails shown above are 
successfully overcoming the heat and corrosion problems encountered in the 
heat treating furnace of a large industrial plant. 

Standard makes a specialty of jobs like this—nickel chrome alloy castings 
that resist heat and corrosion WELL. In the last twelve years we have man- 
ufactured many thousand items of this metal—everything from carburizing 
boxes to large pieces like the roller rails above. 

If you have a heat and corrosion problem, call a Standard engineer. He'll 
be glad to work with you in licking the most difficult problem. 


STANDARD ALLOY COMPANY, INC. 


1679 COLLAMER ROAD CLEVELAND, OHIO 


. STANDARD 


Standard Alloy offers a wealth of data 
accumulated from many tests and actual 
operations showing the compositions of 
alloys and the type of design necessary 
for successful operation of high tempera- 
With a daily capacity of 
6.000 pounds of finished castings, Standard 
Alloy has earned a reputation for depend. 
ability in supplying quality castings to an 


REPRESENTATIVES 


Special Steel Mill Representa 
tive: L. W. Haag, 15044 Harri 
son Dr., Allen Par«, Dearborn, 
Michigan. Phone—Atlantic 
0140. 


Geo. S. McFarland, 46 E. 
Swan Street, Columbus, Ohio. 
Phone-—-Kingswood 5749. 


Wharton L. Peters, St. Louis 
Mart Bldg., 12th & Spruce St., 
St. Louis, Missouri. Phone 
Garfield 3050. 


E. M. Prior, Engineering Bldg.., 
205 W. Watker Dr., Chicago. 
Illinois. Phone—Randolph 
7100. 


Towle & Son, 18 W. Chelten 
Ave. Bldg., Philadelphia, 
Pennsylvania. 


Schupp & Mansfield, Elicott 
Square, Buffalo, N. Y. 


R. B. Steele, 254 W. 3ist 
Street, New York City, N. Y. 
Phone Longacre 55296. 


Standard Alloy Company. 
DETROIT OFFICE, 2970 W. 
Grand Blvd., Detroit, Michi- 
gan. 
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Decorative Stainless Steel 


(Continued from page 461) 

However you choose to 
define the “decorative” field of 
stainless steel, it is almost 
immeasurable in scope. It is safe 
to say that there is no sizable 
building erected today which 
does not make generous use of 
stainless steel somewhere in its 
interior or exterior details. The 


same holds true for modernizing 
operations on old structures. 

Building construction is just 
one industry in which the eye- 
appeal of stainless has won 
favor. Transportation, and the 
broad metal working and 
mechanical industries are others. 
Our automobiles, busses, trucks, 
trains or planes shine with stain- 
less appointments. In trucks and 
trains stainless has gone on from 
decorative details to vital strue- 
tural members. 


Annealing Cover for 
steel mill use. Made 
of Lightweight Alloys 
to any specifications. 


Carburizing 
and Annealing Boxes 


by 


THE PRESSED 
STEEL COMPANY 


... reduce heat-treating cost. They 
offer stubborn resistance against 
heat-corrosion and hard service. In 
spite of their light weight these pro- 


In the metal working an 
mechanical industries, producin 
such articles as metal furnitur: 
house furnishings, toys, utensils 
electrical appliances and a vast 
category of similar products 
stainless steel appears in greate: 
profusion each succeeding year 
Some manufacturers make thei: 
products wholly from it, some 
use it merely for trim; but their 
common experience is that arti- 
cles so made sell better, not only 
because their looks are improved, 
but their lasting qualities as well. 

There are also a_ veritable 
host of decorative applications 
where the prime requisite 
aside from sheer beauty — is 
that stainless gives patrons an 
impression of complete sanita- 
tion, and bears out the impres- 
sion by actually making sanitary 
measures both easier and 
cheaper. Under such conditions, 
stainless is a “must”~— and 
almost any modern restaurant, 
food store, soda fountain, bar or 
cocktail lounge would supply 
ample proof, 

In general, the decorative 
and (since they're really insepa- 
rable) the utilitarian uses of 
stainless steel have found only 
two factors that tended to retard 
their growth —— first is the rela- 
tive expense of solid stainless, as 
compared to plated metals or to 
enameled steel, and second is the 
occasional difficulty fabrica- 
tion except by skilled workers. 

Both of these retarding 
influences have been largely 
swept aside with the advent of 
“Ludlite Bord” (made in rigid 
panels of standard wallboard 
sizes) and “Ludlite Flex” (sup- 
plied in sheet and tile forms). 


Both these forms consist of a 
thin surface of 18-8 combined 
under pressure with inert back- 
ing materials. Their variety ol 
form and finish, their adapta- 
bility both to interior and 
exterior work, and above all, the 
fact that they work as easily as 
common building materials and 
can be handled or installed by 
ordinary workmen, combine to 
give them the greatest potenti- 
Pressed Steel Company Products: Carburizing and Annealing Boxes, Thermocouple alities of any product introduced 
Protection Tubes, Seamless Steel Cylinder Caps, Seamless Steel Neck Rings, Welded in recent years. They justly 

Alloy Tubing for High Temperature and Corrosive Application. deserve the term “Everyman s 


ducts have the capacity to stand up 
under the most severe operating 
conditions, and in most cases, will 
outlast cast alloy boxes weighing 
three times as much. 


Photograph of Anneal- 
ing Cover used in 


steel mills. Made of E P E Ss E D 


alloys to suit your 


specications Ay STEEL COMPANY 


Ray shape. WILKES-BARRE, PENNSYLVANIA 
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Uniformity, metallurgically and in performance, is essential when repeti- 
tive castings are made in a foundry. Repetitive castings made by Driver- 
Harris Company assure precisely the same casting from year to year. 

The Driver-Harris Engineers have been trained in a school of uniformity 
so vital in the production of accurate alloys for different applications in the heat 


treating and electrical fields. 


The same care goes into the making of Driver-Harris Foundry products as % 
is used in the making of one mil wire, for which “Nichrome” and uniformity 
have become synonymous. 

These engineers skilled in the school of experience and uniformity are 
prepared to design and work out equipment to suit your needs, ever mindful of 


assuring endurance and commercial economy. 


When uniformity counts call a Driver-Harris Engineer. 


DRIVER-~HARRIS COMPANY 


HARRISON, NEw JERSEY 


aw 


Visit Booth A-28... 
NATIONAL METAL EXPOSITION and CONGRESS 
CLEVELAND, OHIO OCTOBER 21-25, 1940 a 
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Smooth Butter 
PYRASTEEL That is the only way to describe the PYRASTEEL 


screws which we are making for heat-treating furnaces. 
for high temperatures 


One of the essential requirements of these screws, 
working at high temperatures in heat-treating fur- 
naces, is that they shall be perfectly smooth, so as not 
to mar the stock. 


After they are cast and cleaned in the ordinary way, 
they are ground and polished to a mirror-like surface, 
and will handle such delicate materials as round copper 
billets without marring the surface. 


When material is to be conveyed in containers, we 
produce screws smooth enough in the rough to do 


the job. 
PYRASTEEL screws are the most efficient and inex- 


pensive way of conveying a charge through a furnace, 
whether in "separate pieces or in containers. 


We have installations of continuous screws up to 32 
feet in length which have been in operation for several 
, years without failure or any interruption of the service. 


Ask for Bulletin 


CHICAGO STEEL FOUNDRY COMPANY 


37th Street at Kedzie Ave. CHICAGO 


Makers of Alloy Steel for 30 Years 


ALLOY IRON, 
NI-RESIST 


Pump Liners 
Cylinder Liners 
Rolls and Roll Covers 
Propeller Shaft Sleeves 
Stern Tube Bushings 
Sleeves 
Plungers 
Pipe- Tubes 
Bushings 
Bearings 
Drums 
Castings 
Special W 


“SHENANGO- PENN” 


SHENANGO-PENN MOLD COMPANY 
PLANT: DOVER, OHIO 
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Centrifugally Cast 


PITTSBURGH, PA. 
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é 11001 COTTAGE GROVE AVE. Telephone: Pullman 8072 
CHICAGO, ILL. 


Spot 

Welder 

— 
=|. Douglas Aircraft Company, Inc. 

ie | Consolidated Aircraft Corp. 

. . . 

| North American Aviation, Inc. 

ibs zapacity in 1/1000 inch 
Aluminu 

— Glenn L. Martin Company 020" plus 020° 

United States Navy Dept. 

sae Fairchild Aircraft Corp. 
Bell Aircraft Corp. 
oe | Beech Aircraft Corp. Spot 

tee Briggs Mfg. Co. Welder 

ae Ford Motor Co. PMCO. 2S 

(40 KW) 

Capacity in 1/1000 inch 
Aluminum 

.020” plus .020” 

080” a 080” 

Spot 
ae Welder Lockheed Aircraft Cor 
iVISi 
pe PMCO. 18 Curtiss Aeroplane Divisiot 
ie (25 KW) Vultee Aircraft Corp. 

i | Boeing Aircraft Company 
He Seam Welder Vega Airplane Company 


Grumman Aircraft Engr. Corp. 
Vought-Sikorsky Aircraft Division 
B. H. Aircraft Corporation 


PMM. 2 (350 KVA) 


(aan Upper Wheel Circumferential 
Speed from 1'6” to ft./min. 
aR Capacity in 1/1000 inch 
Aluminum 
Stearman Aircraft Corporation 
plus .050” 


Brewster Aeronautical Company 


Capacity in 1/1000 inch 
Aluminum 
plus .020” 
up to 
plus .080” 


“Sciahy Welds Aluminum Thin and -h' 


See us at the Metal Show Booth A-34 
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Welding and Cutting 


Welding of Aluminum 
By G. O. Hoglund 


Aluminum Co. of America 


N INCREASED USE of aluminum and alu- 

minum alloys has given impetus to the 
development of automatic methods for welding 
them. These are concerned primarily with are 
welding and electric resistance welding, and 
with a new method for assembly by brazing. 

The first application of automatic are weld- 
ing used the carbon are for assembling 
aluminum alloy tank cars. The equipment 
superimposed an a.c. field around the are, and 
this method has been used in production on 
metal up to ®, in. thick, with substantial gain 
in speed over the manual gas welding. The 
soundness and strength of the welds are supe- 
rior, and the amount of distortion in the tanks 
from the welding operation has been reduced. 
The result is better tank cars at no increase in 
cost, and it seems likely that an eventual lower 
cost will be attained. 

The wider use of electric resistance weld- 
ing is becoming apparent in fabricating alu- 
minum alloy aircraft parts, because this method 
is more economical and can be adapted to the 
production of large numbers of similar parts. 
It is possible, in addition, to make spot welds 
on parts exposed to the air stream without dis- 
turbing the smooth surface which is essential 
from the aerodynamic standpoint on high speed 
aircraft. 

The high currents necessary for spot weld- 
ing aluminum have been attained by energy 
storage methods which supply adequate weld- 
ing current with about 25‘¢ of the peak load 
requirements that have been necessary on 
standard a.c. spot welders. This factor is par- 
ticularly important in view of the comparatively 
large number of units which are now required 


to produce aircraft parts on a production basis. 
Improved soundness of the welds, as well as 
improved unit strength of welds in the various 
alloys, has been achieved. Some problems 
remain to be solved to permit the use of spot 
welds most efliciently in structural parts. From 
lack of specific information, spot welded joints 
have been designed on the basis developed for 
riveted joints. This does not result in the most 
efficient use of welds, and added experience is 
rapidly being obtained to establish proper 
design rules. 

Four or five years of experience and service 
is now available and the record of spot welded 
parts has been very good. No service diflicul- 
ties have occurred on several thousand airplane 
tanks during this period. This is also true of 
spot welded parts which have been used in the 
refrigerator, cooking utensil, marine, and rail- 
road fields. 

The production use of brazing methods on 
the aluminum alloys has been extended during 
the past year. Laboratory investigation has 
established that their resistance to corrosion is 
comparable to that of welded joints, and that 
the strength (particularly on the magnesium- 
silicon-aluminum alloys suitable for brazing) 
is actually higher than welded joints. Batch 
brazing of outboard motor tanks has’ been 
applied in production to over 100,000 units. 
Costs have been substantially reduced. The 
process has also been useful for assembling 
shelves, evaporators, refrigerant lines and mis- 
cellaneous parts on refrigerators. 

Fusion welding in the form of gas welding 
and metallic are welding has found extended 
use on the aluminum alloys during the past 
vear. Something over 200,000 beer barrels have 
been assembled by gas welding. Metallic are 
welding has widened its scope of applications, 
although no new developments changing the 


process have appeared. 
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Cooperative Welding Research 


By Comfort A. Adams 


Consulting Engineer 
Chairman, Welding Research Committee 
of the Engineering Foundation 


PESEARCH may be divided into two types, 
and they may be distinguished chiefly by 
their main objectives: 

1. Fundamental Research; lam giving this 
name to that type of research, the chief object 
of which is to develop a more thorough under- 
standing of the phenomena involved — that is, 
and to fill out the skeleton 
of theory which will aid in the more rational 


the “reason why” - 


solution of many more problems, not only in the 
same but often in widely different industrial 
fields. 

2. Industrial Research; This usually con- 
sists in getting answers to specific problems 
in the shortest possible time without much refer- 
ence to the reason why. In fact, in some cases 
the time limitations are such that no really satis- 
factory solution can be found and it is necessary 
to accept the best makeshift available. Even 
under favorable conditions, as soon as an answer 
is obtained which is satisfactory for the immedi- 
ate purpose, the subject is usually dropped with- 
out any attempt to understand the reason why, 
or to fit the otherwise empirical information into 
the skeleton of theory. 

This custom which is generally prevalent in 
industrial research is not always due to a lack 
of desire to understand the reason why, but 
rather to the pressure and drive of our indus- 
trial svstem. However, it is sometimes due to a 
lack of a thorough grasp of the underlying sci- 
entific principles, to a lack of a working famili- 
arity with the necessary mathematics, or to a 
lack of the analytical habit, the instinctive desire 
to know the reason why. 

All this is peculiarly true in the field of 
welding, where the problems involve an unu- 
sually large number of the fields of science, and 
are often so complicated as to scare off all 
except a very few who have both the desire and 
the scientific background necessary to attack 
the problem by the scientific method. 

The number of significant variables 
involved in some of these welding problems is 
so great that anything approaching a reasonably 
exact scientific solution is absolutely impossible. 
Nevertheless a really intelligent attempt often 
so clarifies our perspective, both qualitatively 
and quantitatively, as to indicate clearly the best 


Metal Progress; Page 484 


method of experimental approach and_ thu 
It als 
increases the prospect of a broader and mory 


greatly simplify the experimental work. 


rational application of the results obtained. 

A very pertinent and timely illustration is 
the rate of cooling of the metal in the weld zone 
and its relation to the microstructure and phys- 
ical properties of the products of transforma- 
This 


problem, usually covered by the term “weld- 


tion, as well as to the residual stresses. 


ability”, is probably the most vital one before 
the welding industry today. 

The best method of illustrating the differ- 
ence between the two methods of attack is to 
present two pictures illustrating these methods 
when applied to the weldability research: 

1. Rational Method. The investigators will 
first attempt to determine the relationship of the 
rate of cooling to the several variables involved, 
the major of which are the amount of heat deliv- 
ered to a given zone, and the heat dissipating 
power of that zone. The latter is in turn 
dependent upon the specific heat and thermal 
conductivity of the material, the geometry of the 
region involved, the base temperature and the 
surface conditions. For example, the rate of 
cooling is considerably retarded by a slag coat- 
ing resulting from the use of certain types of 
covered electrodes. It is even more retarded by 
a blanket of dry powder, such as provided in the 
Unionmelt process. 

A reasonably satisfactory mathematical 
solution of this problem is too complicated for 
even high grade mathematical physicists. Never- 
theless, with the necessarily crude approxima- 
tions, a quantitative perspective can be obtained, 
Moreover, a fairly simple but rational formula- 
tion can be developed with the aid of coefficients 
and exponents which can be determined experi- 
mentally for a few typical cases. 

In other words, if this method were 
employed, the result would be not only a far 
better understanding of the influerce of the 
several variables but also the ability to predict 
with a fair degree of accuracy the rate of cool- 
ing under new combinations of the various fac- 
At the present time, the lack of 
real information is such that quantitative think- 
ing on this subject is quite impossible. 


tors involved. 


After some information on the rate of cool- 
ing is available, the next step is to determine its 
relation to the products of transformation - 
that is, to the microstructure of the weld zone. 
More 
determination of the critical rate of cooling for 


specifically what is required is the 
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a number of typical compositions. (By “critical 
rate” is meant that rate above which the micro- 
structure is such as to result in serious danger 
of cracking. This microstructure is usually 
referred to as martensitic, as it contains more or 
less hard and brittle martensite.) 

Some information is already available on 
this subject for a few varieties of steel and 
although the methods thus far employed for this 
purpose are very laborious, simpler methods are 
now available which will probably yield satis- 
factory results. 

Finally, the relation of the residual stresses 
to the rate of cooling is an even more compli- 
cated problem. In fact, there is probably no 
field of analysis in connection with which the 
average engineer is so apt to go astray. The 
cooling of metal in the weld zone is always 
accompanied by multi-axial stresses, concerning 
which our present knowledge is exceedingly 
limited. Nevertheless, a few fundamental facts 
or relationships have been pretty thoroughly 
established. Although the mere statement and 
explanation of these facts is far beyond the 
scope of this review, one of the most significant, 
as bearing on the present problem, is that the 
resulting stress gradient (and therefore the mag- 
nitude and danger of the 
residual stress) is roughly pro- 
portional to the rate of cooling. 
In other words, there is prob- 
ably a critical rate of cooling 
for each type of steel, above 
which residual stresses are in 
the danger zone, particularly 
for structures subject to impact 
or to pulsating stresses. In any 
case, there is certainly a critical 
rate of cooling for each type of 
steel above which the effect on 
the microstructure in combina- 
tion with the residual stresses 
is in the danger zone. 

Thus, if we could deter- 
mine experimentally this crit- 
ical cooling rate for each type of steel, and 
develop an analytical method of predicting the 
cooling rate by means of rational formulas 
with experimentally determined constants, we 
would be in a vastly stronger position than if we 
were to follow the more empirical method 
to be described below. 

2. Empirical Method. In any attempt to 
determine experimentally the quantitative rela- 
tionship between a result and a number of vari- 


ables, the number of experiments necessary 
increases in geometric proportion to the number 
of variables involved, and soon becomes pro- 
hibitive even when the number of variables is 
much less than in the weldability problem under 
discussion. 

Moreover, our present knowledge of the 
relative importance of these variables is not 
sufficient to serve as a basis for the selection of 
the few of major importance. Even if this were 
possible, the results when plotted would con- 
stitute what is commonly known as a “shot gun 
diagram”, and very difficult if not impossible to 
interpret intelligently. 

In other words, in order to make this 
empirical method really serviceable it would be 
necessary to multiply the number of experi- 
ments far beyond the limits of possibility from 
the standpoint of either time or cost. If, on the 
other hand, we pick a feasibly small number of 
the major variables, the results are sure to be 
of very limited value and possibly misleading. 

It is on this account that I am convinced of 
the great superiority of the more rational 
method of attack. ..... 

Although I have used a single illustration to 
emphasize the major point at issue, the same 
considerations apply to scores 
of other cases. 

My interest in cooperative 
research is two-fold. First, it 
means a very great reduction 
in the cost to industry as a 
whole, and second a_ greater 
prospect, through the coopera- 
tion of many types of mind, of 
a rational attack and of results, 
not only more dependable but 
also more far-reaching in their 
application. It also encourages 
a very valuable interchange of 
experience between industrial 
engineers and contributes in no 
small part to their education 
and usefulness. Because of 
the over-emphasis of the competitive spirit, 
the development of the cooperative spirit has 
been slow. Nevertheless, the progress has been 
steady and the Welding Research Committee of 
the Engineering Foundation (sponsored jointly 
by the American Welding Society and the Amer- 
ican Institute of Electrical Engineers) is now 
collecting about $50,000 a year from industry, 
the number of subscribers having approximately 


doubled during the past vear. 
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Welding Symbols 


Adopted as Standard by American Welding Society, /957 


For Resistance 


For Fusion Weloing For Both Welding 
Type of Weld S Type of Weld 
| |Squere| Vee |\Beve/| U | J 


Standard Location of Information on Welding Symbols 


Root opening, or smaller-~ <—finish symbol for weld (when used) 


for Arrow connecting reference /ii 
cept for \ Ww ing r ine 

Omit tail when plug orsiot \. included center line of weld, to grooved 

specification re- ference \ member, or in section or end 

erence | 0 | views to near side 

Specification | | ~__ace symbol reference /ine 

reference | ~ alongside joint (not in line with it) 

Me \  \ “field weld symbol 

ow reference \ 

line refer to near side; 7 symbol 

above sine to farside r \ Witch of non-continuous welds 

Space for symbols showing type of we/d, \_ Length of weld or increments of non-con- 

offset symbols for staggered intermittent fillets tinuous welds (omit for resistance welds) 


Significance of Typical Combinations 


A Indicates continuous, Significance: Weld ail around 
J4"fillet weld onnear “xe (encircling member as faras possible). 
Near side: fillet, centers. 


side,made under shops 
own specification A, 7 — Far side: plate has ¥4”/ groove [shops 
stanosrd/, continuous we/d 


6 7 2°6 indicated | Read symbols from bottom and 


| right-hand side of drawing; 
me —*7 spaces @ place numerical data on vertical 


V4 


weld both sides e"fillet welos 2“/ong, reference lines so reader is 
Welds on both sides are 4’on centers, opposite properly oriented y 
sides staggered Significance Square Significance : Closel, 
. eoges onplates clearing abutting plates wit. 
When one 48", welded from near U groove 76"ceep, near 
Side, 4a"penetration re- side chipped smooth 


arrows point to that quired 
member,thus: Shop's Std. 


g A 40° only is to be grooved 


ant Symbols govern to break in continuity of struc- 
~ ture or to extent of hatching or dimension lines. 


BYs> Indicates plates bevelled at 45" 
root opening Y8*on assembly, 
99° bead deposited on root side ~~ 


Strength of resistance welds in hundreds of 
pounds noted instead of size : 


Indicates field weld both sides , by shop's 
specification As. 
vertical piste : 

double/ groove. 
Weld far side: 
continuous. 
Near side: 2 Tong, 

6“on centers 


20007b. 150076. F500-/b. 
spot welds, projection welds seamweld, 
@ S*centers @ &centers flush near side 


For other combinations see “Welding Journal’, June 1957 
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Cutting and Surface Conditioning 


By Herman Ullmer 


Manager, Process Service 


The Linde Air Products Co. 


N OUTSTANDING RECORD of progress has 
been made in the application of the oxy- 
acetylene processes known as deseaming, goug- 
ing, descaling, and flame cleaning. Another 
noteworthy development has been the special 
adaptation of the cutting blowpipe for steel cut- 
off operations in the steel mills. 

One of the most spectacular recent develop- 
ments has been the use of the flame for removy- 
ing surface defects from semi-finished steel. 
Specially designed deseaming blowpipes “wash 
off” sections of the surface that contain the 
imperfections. Sufficient steel in the vicinity is 
removed to eliminate the defect itself and leave 
clean, sound metal with acceptable contours for 
further rolling or forging. Hand deseaming is 
usually done on cold slabs and billets. For hot 
metal, special oxy-acetylene machines have been 
fitted into the rolling mill tables and clean all 
four sides of the bloom or billet simultaneously, 
thus speeding the production of steel with per- 
fectly sound surface. 

Development of the oxy-acetylene gouging 
process has resulted from a growing need for 
quick and cheap removal of metal from the 
underside of electric are welds, for removing 
defects revealed by inspection, and for grooving 
of plate edges in preparation for welding. While 
the process is still in its infancy, new uses are 
being found in machine shops, oil refineries, 
steel foundries and shipyards. 

Multi-flame heating blowpipes are becom- 
ing increasingly popular in a new process for 
removing scale from billets, blooms, slabs, forg- 
ings and steel castings. When a high tempera- 
ture flame quickly heats the scale it expands 
and breaks away from the cold base metal. 
Oxy-acetylene descaling has a number of impor- 
tant advantages over cleaning by pickling, sand- 
blasting or chipping. 

The same principle has been applied with 
remarkable success to the preparation of struc- 
tural steel for painting. When an oxy-acetylene 
flame is quickly passed over the metal surface 
a short time before the paint is applied, the sur- 
face is heated so rapidly that all moisture on the 
surface and within the scale and rust layers is 
driven off, breaking the scale and rust bond, and 
leaving the surface (after immediate wire- 


brushing) in a warm, dry and clean state con- 
ducive to even and long-lasting adherence of 
the paint. This process has been used on all 
tvpes of structural steel work, storage tanks, 
boat hulls, pressure vessels, dams and locks, and 
piling and other marine structures. Some steel 
purchasers are specifying flame cleaning. 

The recent introduction of a unique oxy- 
acetylene bar-cutting machine fills a long-felt 
need. Heretofore heavy and complicated attach- 
ments have been used on straight-line cutting 
machines to obtain the desired blowpipe motion 
when cutting rounds, in which the blowpipe 
must move in a vertical are, or when cutting 
squares with a swinging blowpipe. The new 
machine is simple in operation, the correct 
motion for cutting rounds or squares being 
transmitted to the blowpipe by an easily 
adjusted, self-contained spring power unit, the 
speed of which is hydraulically controlled. The 
equipment is portable and can be moved at a 
moment's notice, since it uses neither electric 
power nor a guide track. The machine has a 
normal cutting range of from 2 in. to 10 in., but 
can be increased to 8 to 15 in. by means of spe- 


cial linkage arms. 


Electric Welding in Shipbuilding 


(Unionmelt Process) 


By T. M. Jackson 
Chief Electrical and Welding Engineer 
Sun Shipbuilding & Dry Dock € 


NNOUNCEMENT of the first all-welded 
tanker built at the Sun Shipbuilding & Dry 
Dock Co.'s yard for the Atlantic Refining Com- 
pany in 1937, created great interest in shipbuild- 
ing circles. Today another all-welded ship is 
no cause for comment——it is commonplace. 
This company alone has completed eight all- 
welded tankers of large size and ten large cargo 
vessels which are more than 85‘. welded. Of 
some 43 other vessels now under construction 
or on order, 18 will be all-welded, and the bal- 
ance about &85‘¢ welded. The first large all- 
welded cargo ship was recently launched by 
Ingalls Shipbuilding Corp., Pascagoula, Miss, 
The time required to complete an all- 
welded hull at the Sun vard is now less than for 
a comparable riveted hull. Such speedy con- 
struction is possible by use of the “Unionmelt 
process”, well enough known to require no 


description. The first large scale application of 
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Base weloed to column at shop 
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¥~Flange or web 


2 erection bo/ts 


required 
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structural 
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Stiffened seat 


-Preferably Shipped /00se 


Sase plate shipped 
separate 


Typical Column Bases 


Welded Connections for Tier Buildings 


By permission, fram American Institute of Stee/ Constuctions Tentative Standards,December, 1939 


Preferably shipped loose 
| 


For Filling-in beams where field bolting 1s U 


wa Column flanges to be 
stiffened where 


on upper shaft) 
t lypical Column Preferred splice (No holes in main 


material) 


Erection bolts Erection bolts 
& fillets 

Mill 

Y Y 

J Jo pro ) 
vioe erection 
clearance for beams, this Section B-B 
of same cepth only cannection 1s often reversed Slotted plate 
Col - od (Angle on lower shaft, plate two bars 


Erection bolts 
Slotted holes in angles 


Separate 1 on each girder 


Section E-E 


Typical Grane Column Splice 


permitted . 
Beam weloed -holes in girder 
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Erection bolts 


or filling-in beams 
“Typical Beam Details 


Splice plate stupped 


— 


Brackets for Lecentric loads 


Chip Ls 


Continuous Beam 
over Giroer 


wy Section F-F 


Welds made with heavily coated electrodes only, and at 
temperatures above 25 Fillet sizes Ve or 8116 in; lighter 
fillets perrnssible on less than ve-in. plate. Welded 
structures must conform in design, fabrication and 


erection to American Welding Societys Code far Fusion 


Welding and Gas Cutting in Building Construction* 


Beam to Column Connections Beam to Girder Connection 


Rigio-end beams permissible only when specially designed 
for. Flexible beam connections shall permit rotation 

of top flange-ends an amount in inches equal to 
flexural unit stress in psi. at mid-span times span 

in feet divided by the constant 3,625,000. 


Field weld iF plate 
Prate shipped loose 
TL 3 plates x a 
f To avoid turning Column Nig 
] + + | | | SectionA-A 
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this process to shipbuilding was made at the 
Sun yard in 1937. Our set-up is designed to 
make automatic fillet and butt welds on large 
shop sub-assemblies which are later erected on 
shipways and manually welded together. Sub- 
assemblies up to 40 by 40 ft. and weighing up to 
35 tons are welded in the shop with the process. 

This equipment, where the work is brought 
to the machine and _ posi- 
tioned for flat welding, 
ereatly increases the speed 
of fabricating these sub- 
assemblies. Fillet welds of 
the size required in merchant 
ship construction are made 
in one pass at speeds of 25 
to 30 in. per min. Butt welds P) 
on plate up to 114 in. thick, 
about the heaviest required, 
are made in one pass completely through the 
section, the largest welds at speed of about 9 in. 
per min. Butts on *,-in, plate are made at a rate 
of 25 in. per min.; a light finishing pass is made 
on the underside of butt welds to insure com- 
plete penetration and good appearance. Cur- 
rents up to 1700 amperes at 40 volts are 
employed. 

The process, properly applied with com- 
petent supervision, produces sound, ductile 
welds having tensile strength and other physi- 
cal properties at least equal to the parent plate. 
Welds so made are accepted by classification 
societies and government departments having 
supervision over merchant-ship construction, 

The statements made above apply only to 
merchant ship construction. We understand 
that some application of the Unionmelt process 
has been made to vessels for the United States 
Navy in other yards. 


Electric Arc Welding 


By W. J. Chafee 
Welder Divi ion 
The Hobart Brothers Co. 


T IS IMPOSSIBLE to consider the status of 

electric are welding at this time without due 
regard for the effects upon the industry of the 
conflict abroad. When we consider that are 
welding received its first really big impetus in 
this country during the War of 1914-18 and that 
its growth and ramifications in the meantime 
have been truly remarkable, it seems only 


natural that it is assuming a considerable 
importance in our own defense activities as 
well as in more direct application to the pres- 
ent European war. 

Manufacturers of are welding equipment 
are finding their problems to be those of pro- 
duction rather than selling. Workmen have 
sensed this condition, and for many months 
welding schools throughout 
the country have’ been 
crowded with students pre- 
paring to meet the demand for 
operators. The National Youth 
Administration is placing 
more emphasis on welding as 
a trade. Operating through 
state agencies, temporary 
schools set up in the national 
defense training program 
include courses on are welding. 

Government requirements and = purchases 
of are welding equipment so far this year have 
been at least ten times as heavy as last year 
with still heavier to come. Industries that have, 
or will receive, contracts to supply defense 
materials are steadily contributing to the 
growth of a mushrooming market; to say 
nothing of the demand by the normal com- 
mercial trade that finds it necessary to step up 
production to keep pace with the economic 
acceleration. 

The aircraft industry seems to be paying 
more attention to the possibilities of are weld- 
ing in its speed-up program; special welding 
machines have been developed to simplify and 
improve the welding of light gage alloys pecu- 
liar to aircraft: requirements. Whereas, are 
welding was formerly considered only in the 
fabrication of jigs, it now looms as an impor- 
tant adjunct to actual plane construction. 

In shipbuilding, where are welding has long 
been a standard process for many operations, 
greater use is being made of all-welded con- 
struction. Hulls are being fabricated in sec- 
tions by are welding, these sections being joined 
together by are welding on the ways. 

Transportation on land, too, continues to 
make increasing use of are welding in combina- 


tion with resistance welding for the cons-ruction 


of steel coal cars, box cars, passenger cars —— all 
feeling the trend toward streamlining. The 


same applies to automobiles, trucks, tractors 
and trailers. 
Experimental and development work, with 
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some actual production activity, continues in 
the field of housing. Many designs for part- 
steel and all-steel construction for medium 
and low priced dwellings have been projected, 
although most of them are still in the develop- 
ment stages. 

Manufacturers of machine tools and all 
kinds of machinery are paying more attention 
to the possibilities of welded steel replacing 
iron castings. 

Despite the obstacles to be overcome in sell- 
ing abroad these days, from adverse exchange 
rates and shipping limitations, export sales to 
many countries have largely increased. 

An interesting thought, right in line with 
the theme of the 1940 
National Metal Exposi- 
tion, “New Aids for Pro- 
duction”, has been 
expressed by J. H. Par- 
ERSON, Who is prominent 
in metallurgical, chem- 
ical and welding circles 
of Great Britain. Com- 
menting recently on the 
future of welding, in an 
article in a British trade 
paper, Dr. PATERSON 
says, in part: 

“So much has been 
written and spoken on 
the subject of electric welding that anything one 
can say on the technical side of the subject must 
appear trite and commonplace. 

“Out of all this welter of data and practical 
experiences, however, facts are gradually emerg- 
ing which make it clear that the fusion welding of 
metals is bound to play a predominant part in the 
joining together of metal structures. So much so 
is this true, that metals or alloys of metal, which 
because of some inherent property cannot be 
properly joined together by fusion welding, will 
lose their economic importance altogether. 

“The future of welding lies partly with the 
research engineer whose efforts to produce better 
and cheaper methods of production have already 
met with success, but mainly with the metallur- 
gist who must provide industry with metals 
peculiarly suited to the welding process and at the 
same time satisfy the user with regard to their 
physical and mechanical properties. 

“I believe that further modifications of all 
fusion welding processes are necessary in order to 
bring them to the highest pitch of perfection, but 
it is certain that once this perfection is attained, 
welding will take its place as the only acceptable 
method of joining metals.” 


Resistance Welding 


By E. J. Del Vecchio 
The Taylor-Winfield Corp. 


‘HE PAST YEAR has witnessed severa 

improvements in resistance welding opera 
tions and applications, and refinements in prac 
tically all types of equipment. The outstanding 
new development, however, is undoubtedly th: 
introduction of the stored energy principle, so 
far being applied primarily to the spot welding 
of strong aluminum alloys, particularly as used 
in the aircraft industry. 

The method, known as “Hi-Wave welding”, 
consists essentially of charging a bank of 
condensors or capacitors and then dis- 
charging them through a_ transformer 
which sets up a secondary current which, 
in turn, heats the spot for welding. It 
has two principal advantages over con- 
ventional welding by alternating current, 
one of which is that the quality of the 
weld is increased; consistent welds are 
obtained which are free from cracks or 
other flaws; the size of the spot-weld 
bubble is readily controlled and its cast 
structure is fine granular. The other 
advantage lies in the reduction of the 
power demand; with the conventional 
resistance machine, instantaneous power 

demands of 400 and 500 kva. are quite common, 
but with the Hi-Wave method the demand is 
reduced to about 1/10 of this figure, with cor- 
responding reductions in cost of electrical 
installations. Not only is the demand reduced 
to 10° of the former figure, but this demand is 
also taken from all three phases of a 3-phase 
line, and the power factor is relatively high. 

Another important contributing advantage 
is reduced maintenance of the welding tips. In 
conventional machines, it is necessary to clean 
the welding points frequently, sometimes every 
ten or twelve spots, while with the new method 
and rigid machine construction preventing any 
skidding of electrodes while the current is on, 
runs of several hundred are made without foul- 
ing the tips. 

All indications point to this new method of 
welding being widely accepted in the aircraft 
industry and no doubt it will replace thousands 
of rivets. Aluminum welding generally will be 
benefited. There are distinct advantages when 
used for welding stainless steel and other alloys. 

Another related advancement is the “Vanco 
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method” of percussive butt welding. While per- 
cussive butt welding, itself, is not new, satisfac- 
tory commercial equipment has only been 
available lately. By this method, a capacitor 
bank is charged to a relatively high voltage, 
which voltage is then applied to two rods, tubes 
or other members to be butt welded, which 
pieces are separated from one another by about 
lin. air gap. As soon as this potential has been 
applied, one of the pieces is moved toward the 
other by an air cylinder. When it arrives at 
about ;; in. from the stationary member, the 
voltage jumps the gap, discharging the con- 
densers in a very short time, and the weld is 
completed by the time the two members have 
actually contacted one another. 

Much heat is generated in this operation, 
but since it is generated so fast, it is localized 
so much that the welded pieces may be removed 
almost without sensible heat. The operation 
may be compared to a lightning discharge, only 
of course upon a much smaller scale, and the 
instantaneous application of power reaches a 
peak of about 35,000 kva. even for a small weld 
such as between two pieces of *,-in. rod. 

Percussive welding has so far been success- 
fully applied to nearly all combinations of 
metal, including cast iron, malleable iron, cast 
steel, high speed steel, tungsten, copper, brass 
and aluminum. It is especially useful for such 
metals or combinations as cannot be satisfac- 
torily welded in any other manner, such as cop- 
per to cast iron, tungsten to copper, and so on. 

Resistance welding of the conventional sort 
continues to play a very large part in automo- 
bile construction. While no radically new 
methods of welding will probably be employed 
in 1941 cars, it continues to play an important 
role in holding the cost of cars stationary in 
spite of increasing costs in 
labor and materials. One nota- 
ble example is in one of the 
1941 cars, made with a frame 
which will be entirely resist- 
ance welded from stampings, 
almost completely eliminating 
the use of rivets. 

The art of constructing 
railway passenger and freight 
cars by resistance welding con- 
tinues to advance. While up to 
the present time probably no 
great reduction in cost to manu- 
facture has come about by its 
use, it does appear that as the 


design of these cars and their construction 
become better and better adapted to resistance 
welding, costs will inevitably come down. 
Typical applications now are two — one being 
portable spot welders for assemblies in large 
jigs, and the other multi-point welders designed 
and built for specified car designs. 

Resistance welding continues to be used in 
the fabrication of building materials such as 
“steel lumber” and small beams, all of which 
will probably lead up to the pre-fabrication of 
residential and industrial buildings. While there 
has not been a great amount of progress made 
so far, it appears that this is likely to become 
one of the next big industrial developments, 

A rapid introduction of more alloy steels 
during the past few years has introduced new 
resistance welding problems but the industry 
has kept pace with these new alloys and welding 
technique has been developed for all, almost 
without exception. 

Brazing and high temperature soldering by 
means of resistance generated heat continues 
in a large number of applications. This method 
is successfully fabricating non-ferrous switch 
and gear parts, and manufacturing small relay 
contacts in high production. 


Oxy-Acetylene Welding 


By J. H. Zimmerman 
Development Manager, The Linde Air Products Co. 


NCREASED ACTIVITY of the metal-fabrica- 

tion industries during the past year has 
resulted in an increased use of all methods of 
welding. That the various applications of oxy- 
acetylene welding are fully sharing this expan- 
sion is evidenced by the steadily increasing sales 
of rod and supplies for gas 
welding. Generally speaking, 
the widening use of the oxy- 
acetylene method may be 
ascribed to (a) the wider 
employment of recommended 
techniques and procedure con- 
trols resulting in a higher qual- 
ity of workmanship, (b) the 
introduction of new and 
improved equipment and weld- 
ing supplies, and (c) a more 
universal recognition of the 
inherent advantages of the oxy- 
acetylene process for certain 
types of work. 
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Probably one of its most important advan- 
tages is its flexibility. Many plants are today 
faced with the necessity of quickly making 
extensive alterations to increase their produc- 
tive capacity, and very often these must be made 
without shut-downs or loss of working time. 
The problem is sometimes further complicated 
by delays in the delivery of certain fittings, 
metal parts and other important items. An 
operator equipped with a supply of stock shapes, 
a welding blowpipe, and an oxy-acetylene cul- 
ting blowpipe, can very often make elaborate 
changes in equipment or building facilities by 
cutting away here, adding there, without inter- 
rupting the normal operations of the plant, and 
by fabricating — right on the job 
cial parts or fittings. 


many spe- 


This same element of flexibility of the oxy- 
acetylene process is of tremendous importance 
to industrial piping, particularly where it must 
be installed close to irregular contours of build- 
ings. Its efliciency as a method of pipe fabri- 
cation has been increased considerably by the 
“multi-laver welding” technique for the heavier 
wall pipe which fulfills the prime requisite of 
quality welds procurable from a workman of 
average welding ability. The oxy-acetylene flame 
is also ideal for “wrinkle-bending”, whereby 
pipe can be bent quickly to any desired angle. 

Bronze welding continues to be an impor- 
tant and versatile application for fabrication on 
a production scale and for reclamation and 
building-up operations. Its efliciency and value 
in production have been greatly increased by 
the introduction of a liquid flux and flux dis- 
penser. The dispenser provides a means for 
bubbling acetylene through the liquid flux so 
that the latter, in vapor form, is picked up and 
carried through the hose and blowpipe to the 
flame, where it produces the required fluxing 
effect upon the metals being joined. Waste due 
lo excessive use of flux is impossible, and bronze 
welding applications by this method are con- 
siderably speeded. 

In general, bronze welding offers the advan- 
tages of speed, economy and ability to do jobs 
which otherwise might be difficult or impossible, 
particularly in joining metals of high melting 
point, such as cast iron, steel, nickel and copper. 
A new bronze rod, developed especially for 
building-up bearing areas, has increased the use 
of the process for the rehabilitation of wearing 
surfaces on cast iron, steel and manganese 
bronze parts. 

There is a noticeable trend to the use of the 


oxy-acetylene flame for the welding of thin 
gage material. In fact, it can be said that gas 
welding is the undisputed method for many 
such operations. In production welding, it is 
interesting to note the expanding use of multi- 
flame welding tips and mechanization of the 
blowpipe with respect to the work. Thus mech- 
anized gas welding is proving an increasingly 
useful method for producing continuous strip 
metal, and for fabricating tubing, barrels and 
other ferrous and non-ferrous containers, 


Atomic Hydrogen Arc Welding 


By F Wyer 
Industrial Department 


Genera! Electric € 


EWEST of the fusion welding processes, 

atomic hydrogen are welding is rapidly tak- 
ing an important place as a repair tool as well 
as a fabrication process. It combines the advan- 
tages of easy manipulation and accurate control 
of penetration with the inexpensive heat char- 
acteristic of are welding. It also has two par- 
ticularly valuable features, the reducing nature 
of the atomic hydrogen in the zone of welding, 
and the extremely high rate of heat transfer or 
surface heating available with the atomic hydro- 
gen flame. The rate of surface heating is easily 
controllable and can be almost double the high- 
est rate obtainable with the oxy-acetylene weld- 
ing torch. While this factor is not so important 
where large amounts of metal must be heated, 
as in melting down material for a heavy fillet or 
butt weld, it becomes extremely important for 
high speed welding of thin material, and where 
thermal distortion of the surrounding material 
must be minimized. 

Technically, the range of application for 
atomic hydrogen welding is extremely broad. 
Although applications on such thin stock are 
rarely encountered, material 0.010 in. thick has 
been butt welded by this process. At the other 
end of the scale it has been used for “ ,-in. fillets 
on forgings ®, to to in. thick. For economic 
reasons, however, the process is usually limited 
to those places where large amounts of metal do 
not have to be melted — the exceptions being 
where the desired physical properties of the 
deposited material cannot be obtained in other 
ways. A particularly attractive feature of the 
process is that practically any of the commonly 
used base materials can be welded; where neces- 


sary, filler material can be frequently obtained 
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from scraps of the base material, or even 
machined from the work-piece itself, 

In the repair field its widest application is 
in surface welds, such as to build up worn sur- 
faces on dies, molds and tools. Here the 
very high rates of surface heating are valu- 
able in giving a quick weld with minimum dis- 
tortion of the base material. The reducing 
envelope of atomic hydrogen gas prevents oxida- 
tion of the surface being built up, and helps 
produce the extremely sound, dense deposited 
metal which is most important in this class of 
work. In mold and die work, the process has 
made tremendous savings because of the speed 
and ease with which worn parts can be built up 
and errors in the tool room corrected. One 
large plastic molding plant, for example, 
recently reported 46 pieces welded in a five-day 
week, the average time per piece charged to 
welding being only 25 min. Yet the value of 
the molds thus reconditioned at negligible cost 
was close to $1600, 

In the fabrication field, both automatic and 
manual atomic hydrogen welding is in use 
where high tensile strength, high ductility, and 
unusual soundness of deposited material is 
required. Several single arc automatic welding 
heads are fabricating steel and alloy tubing. 
Where thick material and high production speed 
require large amounts of heat, multiple heads 
are used, in which the seam is traversed by 
several ares in tandem. Other automatic weld- 
ing includes the fabrication of hollow steel balls, 
beverage barrels, and the welding of steel sheets 
to form long, continuous coils. 


Characteristics of Multi-Pass Welds 
By Charles H. Jennings 


Welding Engineer 
Westinghouse Research Laboratories 


ONTINUED PROGRESS in welding has 
resulted in the fabrication of larger struc- 
tures and an increased use of multi-pass welds. 
It is important, therefore, that everyone inter- 
ested in welding become more familiar with the 
characteristics of such heavy welds. 

Multi-pass welds are subject to the same 
defects as single-pass welds, such as lack of 
penetration, overlap, undercut, slag and oxide 
inclusions, gas inclusions, poor fusion, and 
shrinkage cracks. All seven types of defects may 
occur with the first pass, while only the last six 
may occur with the remaining. 


Undercut and overlap are generally » 
serious when they occur in the intermedia 
passes because the subsequent passes, proper! 
applied, correct them. Inclusions, once obtaine: 
will not be removed by subsequent passes unles 
they are very close to the surface and melt ou 
by the heat and fusion of the next pass. Lac! 
of fusion in any pass will not be corrected by 
subsequent passes. 

Gas inclusions and shrinkage cracks ar 
sometimes caused by impurities and lamination: 
in the parent metal. Heavy plates seem to con 
tain more impurities than thin plates (which ar: 
frequently the product of continuous sheet 
mills); consequently the multi-pass welds may 
contain these flaws near the fusion line. 

The increased puddling required on the fina] 
layers of a multi-pass weld (because of the 
wider area to be filled) results in the weld metal! 
being molten for a longer period of time. This 
condition tends to reduce gas inclusions but may 
increase slag inclusions because of the larger 
volume of molten protective slag that must be 
controlled. 

It is erroneous to believe that the diameter 
of gas inclusions can be controlled by the thick- 
ness of the passes — for instance, that a ;-in. 
thick pass will not have any gas inclusion larger 
in diameter than ; in. Experience indicates 
that gas inclusions in one pass will progress 
upward through additional passes. Gas inclu- 
sions °, in. deep have been obtained in welds 
made with ‘,-in. thick passes. It may be 
expected, therefore, that gas inclusions existing 
in multi-pass welds can be larger than in 
single-pass welds. 

Single-pass welds always have a coarse, 
dendritic type of grain structure. In multi- 
pass welding on steel the heat produced when 
depositing one pass will tend to refine the struc- 
ture of the pass immediately below and adjacent 
to it. The amount of grain refinement obtained 
depends upon the thickness of the passes, weld- 
ing technique, plate size, temperature of the 
work — to mention some of the conditions. 
Excessively thick underpasses will only be par- 
tially refined; consequently in such cases the 
weld will contain areas of both fine and coarse 
grains. (The top or last layer deposited will, of 
course, always have a coarse-grained structure 
unless properly heat treated subsequent to weld- 
ing.) The ideal weld is one where the grain 
structure of the intermediate passes has been 
completely refined. 

The physical characteristics of a multi- 
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pass weld will vary some- 
what with the method of 
welding. Within certain 
limits the tensile strength 
obtained in a weld made 
with a given electrode, 
welding current and joint 
design will increase with an 
increase in the number of 
passes. As the tensile 
strength increases, the duc- 
tility decreases. Also, the 
warmer the weld remains 
between subsequent passes, 
the greater the ductility will 
be. Increase in ductility in 
such cases is accompanied by a slight reduction 
in tensile strength. 

The properties of deposited weld metal are 
often influenced by pick-up from the parent 
metal. In single-pass welds the pick-up may be 
very great. An extreme instance is welds made 
on low carbon steel with austenitic type 18-8 
stainless steel electrodes, which will often be 
diluted with enough of the parent metal to 
become martensitic. In a multi-pass weld 
the joint width generally increases toward the 
top of the plate; consequently the percentage of 
pick-up decreases with subsequent layers. The 
result is a weld with chemical and physical 
properties that vary from the bottom to the top 
of the joint. This condition may or may not be 
important, depending upon the combination of 
steel and weld metal used and the service to 
which the welded joint is to be subjected. 

Distortion in joints welded from only one 
side increases with the number of passes depos- 
ited. Controlling the number of passes on a 
multi-pass weld therefore has a great influ- 
ence on the over-all distortion of a welded 
product. 


Flame Hardening and Softening 


By Raymond L. Rolf 
Metallurgica! Engineer 
Lakeside Steel Improvement Co. 


HILE flame hardening has made vast prog- 

ress since its introduction into the United 

States, it has not been until recently that meth- 

ods and technique have been developed which 
will expand its application. 

With the successful development of suitable 

equipment it is now possible to harden uni- 


formly long lengths of 
shafts or rolls by the spin- 
ning method. Formerly 
this method was limited in 
length by the necessary 
size of the equipment and 
the distortion thrown into 
the large heated area. 

Earlier attempts to 
harden long cylindrical 
objects were by the spiral 
progressive method, but 
this left soft areas between 
the passes. The new com- 
bination method permits 
complete coverage without 
intervening soft areas in end-to-end hardening 
of cylindrical sections. This involves a simulta- 
neous spinning and traverse motion between 
hardening heads and work. 

In principle the method consists of suspend- 
ing the object, such as a roll or shaft, vertically 
in a ring of flames and rotating it while the 
burner traverses the object from bottom to top. 
This heats a narrow band of metal uniformly 
around the periphery of the work. The quench 
follows and is uniform with a minimum amount 
of splashing. 

This process has the advantage of producing 
a shaft or roll with a dense surface while retain- 
ing the tough, resilient properties of the core. 
It achieves 

(a) A uniform case over the entire length 
of the piece. 

(b) Maximum hardness of the material 
used. 

(c) Case depths of *,-in. without melting. 

(d) No cracking or checking. 

(e) Lowest gas consumption per unit area 
on shafts of all flame hardening methods, 

({f) A minimum amount of distortion. 

Diameters ranging from 7x in. to 12 in. have 
been so hardened, although there appears to be 
no limitation to the sizes which can be handled. 
Lengths are limited by the weight and stiffness 
ratio of the part. 

Steels which can be successfully hardened 
by the process, in addition to the ordinary flame 
hardening materials, include several other 
analyses which have been giving trouble, such 
as S.A.E. 1070, 4150, 6140, and 3145. 

Rolls for steel mill applications require a 
case with in. of maximum hardness. 
2aper mill rolls require no more than ,’, in. total 
case depths, while such items as piston rods, 
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plungers and shafts, require only a light case. 

Flame hardening today is being done on a 
production basis on many important parts. In 
ach instance the core is left with the original 
structure and the case has a gradual transition 
from the hardened surface to the unhardened 
central sections. 

Diametrically opposed to the basic demands 
for the flame hardening processes are the needs 
which have led to the development of “flame 
softening”. In the first process the objective is 
to increase the surface hardness whereas in the 
second the purpose is to soften material which 
has Veen hardened. Included are such opera- 
tions as the localized annealing of carburized 
and hardened parts to permit drilling or other 
machining after the hardening operation. 
Another application is in connection with the 
flame cutting of air hardening steels. These, 
when flame cut in the usual manner, may leave 
unmachinable edges lacking in toughness. The 
fundamental principle of this process, when 
used in conjunction with the flame cutting, is to 
apply such preheat and after-heat as may be 
necessary to anneal the cut edge and leave it in 
a ductile and machinable state. 

This process avoids chipping or grinding 
the thin hardened surface which is left on the 
kerf of air hardenable steels. While the same 
results may be duplicated by furnacing, this 
method is usually more cumbersome and less 
economical. 


Developments in Metal Spraying 
By W. C. Reid 


Metallizing Engineering Co., Inc. 


ETAL SPRAYING (or metallizing) is now 

so extensively used in all branches of 
industry and by the U.S. Army, Navy, and other 
governmental services that explanation of the 
process and its applications seems no longer 
to be necessary. 

During the past few years, there have been 
many improvements in design of equipment. 
New and useful applications of the process 
have been developed, and promotion of the 
process in general has become much more 
effective. 

Equipment has been developed to a point 
where it has become a rugged production tool, 
‘rather than a delicate and temperamental mech- 
anism. The original “guns” designed to use only 
oxygen and acetylene have given way to equip- 


ment for eflicient operation on all of the con 
mercially used gases, such as manufacture: 
gas, propane, natural gas and hydrogen. Wir 
sizes have increased from 19 B & S gage to 1, 
in. diameter, and spraying speeds have gone u; 
in proportion. 

Aside from the obvious utility of rebuild- 
ing worn surfaces, the important applications 
are now on new equipment whereby surfaces of 
special corrosion or wear resistance are pre- 
pared. Stainless steel sprayed on steel pump 
pistons, for instance, not only protects the base 
metal from corrosion by brackish waters, but 
also from abrasive wear by mud and sludge 
carried in suspension. 

Three new processes have been developed 
to protect irons steels from. scaling at 
elevated temperatures. In the first one a coat- 
ing of aluminum is sprayed on the cleaned 
metal, over which a liquid seal is then sprayed 
and the article is heat treated. At this time the 
aluminum and iron inter-diffuse and form a 
complex skin consisting of several thin layers. 
Deepest is an iron-rich solid solution of iron 
and aluminum, next are eutectic mixtures of 
iron-aluminum compounds, outside of which is 
an aluminum-rich solution of aluminum and 
iron merging into a layer of substantially pure 
aluminum overlaid by aluminum oxide. Such 
a structure lends excellent protection against 
normal atmospheres up to 1750° F., as well as 
when sulphurous gases are encountered. 

The other two processes (patented) do noi 
use aluminum but another alloy, and no special 
heat treatment, and are designed for higher 
temperatures (2000° F. and higher). Articles so 
protected have been successfully used for pots, 
ladles and troughs handling molten aluminum, 
salt pots and carburizing and annealing boxes, 
furnace parts, and gas engine exhaust stacks. 

Another patented process (called “Spra- 
mold”) uses a metallic spray of hard steel over 
a master design, building it up to such thickness 
that it can be used as a completed mold, or if 
Where 
suitable to the process, molds for rubber, plas- 


thinner set into a separate backing. 


tics and condensation products can thus be 
made with great fidelity to the original and at a 
small fraction of the cost of a die sunk or 
engraved in steel. 

Finally may be mentioned the application 
of the metallizing process for the spraying of 
copper, quickly and easily, to stop-off those por- 
tions which are to be soft after the article has 
been carburized. 
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Long before the present emergency, 
plants all over the country, interested 
in metal joining found that Sil-Fos 
and Easy-Flo provided reliable joints 7 
in fast time at low cost. Large quan- 
tities are now regularly used in the F 
automotive, aviation, electrical, re- J 
frigeration, air-conditioning and cop- 
persmithing industries and for general 
manufacturing. These alloys are in- 
cluded in Navy and Federal Specifi- 
cations. To manufacturers now 
interested in faster production with- 
out sacrificing reliability, Sil-Fos and 
Easy-Flo offer an opportunity that is 
well worth investigating. 
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BRAZING ALLOYS MEET TODAY'S NEED FOR | 


SPEED WITH RELIABILITY IN METAL JOINING. 


They're FAST -— Low working temperatures (Sil-Fos 1300 Deg. F. and 
Easy-Flo 1175 Deg. F.) plus exceptional fluidity make the brazing action 
so fast that a single operator often can do as much as two or more using 
other methods. 


They're EASY TO USE — Any operator can catch on to the Sil-Fos and 
Easy-Flo brazing technique in a few minutes. They fit in perfectly on 
many mass production set-ups. 


They're RELIABLE — Finished joints give full metal strength and are 
ductile and dependable where shock and vibration are severe. Millions 
of joints are made every year in spots where permanence ranks first 
in importance. 


They're ECONOMICAL - In your plant low brazing temperatures, in- 
stant penetration, thin films of alloy, little or no finishing, will mean 
savings in time, gases and materials. The cost per joint is surprisingly low. 


TRY THEM ON YOUR WORK } Try Sil-Fos on non-ferrous metals and 
Easy-Flo on iron, steel, stainless steel, Monel, Everdur, or other ferrous 
or non-ferrous alloys. Easy-Flo is considered by many to be the most 
reliable way of joining dissimilar metals. For full details mail the 


coupon below — today. 


HANDY & HARMAN 


82 Fulton St. New York, N. Y. 


Representatives in Principal Cities. + In Canada: HANDY & HARMAN of Canada Ltd., Toronte 


HANDY & HARMAN 
82 Fulton St., New York, N. Y. 


We are interested in getting faster, better production on our metal joining work and accept your offer to assist as 
checked below. 


0) Send us the SIL-FOS and EASY-FLO Bulletins. 
[) Have a field engineer call and check our metal joining operations 
[) Have a field engineer call and demonstrate SIL-FOS and EASY-FLO. 
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SEE THE No. PLANOGRAPH 


The No. 10 Planograph, one of an extensive line 
of gas cutting machines being widely used in 
America's National Defense program, will be the 
feature of Airco’s display of the Metal Show. 
Already gaining wide acclaim because of its out- 
standing performance, this Planograph cuts 
straight lines, rectangles, circles, irregular shapes, 
etc. quickly and economically from ferrous metal 
of any thickness within the present practical lim- 
its of the cutting torch. A minimum of floor space 
is needed as the illustration to the right shows so 
well. 

This is your opportunity to see the No. 10 Plano- 
graph in action... at Booth G-20, the Metal Show. 


AIR REDUCTION 


General Offices: 60 EAST 42nd ST., NEW YORK, N.Y. 
DISTRICT OFFICES IN PRINCIPAL CITIES 


GRC) Anything and Everything for GAS WELDING or CUTTING and ARC WELDING (WILSON) 
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CLEVELAND 
PUBLIC 
AUDITORIUM 


Oct. 21.25 


The Nos. 4 and 10 Radiagraphs 
will be demonstrated—also on 
display will be the latest at- 
tachments on these machines, 
the most recently developed 
apparatus for plate edge prep- 
aration, for manual grooving, 
for welding, cutting and 
brazing. 
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MAURATH, 


BUILDER OF BETTER 


> 


"The fellow whe complains thal he 
‘A nel gelling ensugh is usually not 
GUNG ... welding rod Le 
give the ultimate of service must be 


enriched with the best of materials.” 


CLEVELAND 


WELDING ELECTRODES IN ALL ANALYSES 
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éntgen discovers 
wonder rays” 


in Heppenstall had 
one hundred and three years 


of iron & steel experience 


Amazed scientists cried fairy tale come true!”’ whé 
Rontgen made public the possibilities of his newly discover 
“wonder rays’’—X-rays that could photograph metal weig) 
enclosed in a wooden box, or reveal the human bone strug 
ture through living flesh. No fairy tale, it was simply addition 
evidence of the progress of science in aiding humanity towaj 
a better life. 

In another field, the manufacture of iron and steel, scientif 
research has long been the partner of progress. And workiq 
in iron and steel for one hundred and fifty-one years, alert | 
new and progressive developments, there has been a mem) 
of the Heppenstall family. 

Long experience in solving practical problems makes ‘! 
Heppenstall approach to any difficulty involving fine iron aq 
steel outstanding. Years ago Heppenstall pioneered the produ 
tion of solid tool steel shear knives. Today Heppenstall can se 
your plant with the most modern in shear knives as well as ¥! 
quality die blocks, acid open hearth and electric induct 
steels, and “‘tailor-made’’ forgings. 

Consult with a Heppenstall engineer for intelligent analy 
of your requirements and for practical advice on improv! 
finished goodsstandards at a lowered cost. Heppenstall Com pat] 


Heppenstall 


DETROIT BRIDGEPO 


PITTSBURGH 
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Ordnance Research * 
Removes a Bottleneck in Production 


By Scott B. Ritchie 
Lt. Col., Ordnance Department, U.S. Army 
Director of Laboratory, Watertown Arsenal 


REPARATIONS for national defense are based 

upon the application in warfare of develop- 
ments in the arts and sciences. Practically every 
advance in scientific and engineering knowledge 
has its place in our means of defense. Future wars 
will be decided by industrial preparedness and 
applied science... 

Greater and greater reliance is being placed 
upon machines. Unless they perform successfully, 
they may be worse than useless. We need the very 
highest quality obtainable, but we cannot lose sight 
of the fact that huge quantities of material are 
required to support a modern military effort. 
There must be a suitable balance between the 
requirements on the one hand and the technical 
competence and capacity of industry on the other. 

This suggests the importance of uniform 
standards and uniformity of metal products. There 
are some 7300 principal items of equipment and 
supply which must be procured for use of our 
troops, while the number of components for those 
complete articles totals hundreds of thousands. 
Many of the items are not in commercial produc- 
tion in our country. Consequently the exact: pro- 
duction methods peculiar to these items are not 
generally Known to industry. Yet the War 
Department must in a major emergency depend 
upon private industry for more than 90° of its 
requirements. ... 

Our designs must of course give us material 
at least the equal of that of other countries; but 
they must be based on the use of commercial mate- 
rials and capable of being produced by commercial 


processes and methods. . . . The types adopted as 


*Eprrorn’s Nort This article is abridged from a 
talk before The Franklin Institute about a vear ago 
(published in full in Army Ordnance, Sept.-Oct. 1939). 
Its importance warrants its reprinting here, and it 
gives another slant on the situation discussed in the 
first “Critical Point” in last month’s Merat ProcGress. 
At the time this talk was given, Major Rircnu @ was 
Chief of the Allocations Division in the office of the 
Assistant Secretary of War. 


Forging 


standard must be of such character that they will 
permit mass production in sufficient quantities to 
meet requirements. 

The interchange of technical data and experi- 
ence between civilian agencies and the War 
Department is especially valuable to national 
defense. Without this cooperation many of our 
advances in the art of munitions production would 
not have been possible. This is especially true with 
respect to the Ordnance Department. 

Our system of industrial preparedness focuses 
attention upon the paramount importance of 
two fundamental factors in our industrial organi- 
zation which have a direct application to the 
adequacy of munitions first, research and devel- 
opment to insure the most effective material made 
possible under the existing state of the arts and 
sciences, and second, production engineering to 
insure that the items can be procured of satistac- 
tory quality in mass production in the most effi- 
cient and economical manner. 

In these activities the arsenals play a major 
role. They are highly important in our scheme of 
national defense, not so much as production cen- 
lers, but rather as experimental laboratories to 
keep alive the art of ordnance manufacture, to set 
standards, to determine costs, to uncover produc- 
tion difficulties, and to train inspectors. 

The Chief of Ordnance regards research and 
development as responsibilities of the first magni- 
tude. In some countries abroad practically 
every universily and every research organization ts 
working intensively on military projects ino one 
form or another, That is the situation with which 
we must compete. The Ordnance Department of 
course must be alert continuously as to engineer- 
ing and scientific developments at home and 
abroad which, even though not primarily of a mil- 
itary character, may be used in producing more 
eflicient fighting machines. 

Although funds available for research have 
been limited, accomplishments have more than 
justified the expenditures made. Typical of the 
developments since the World War in the metal- 
lurgical group alone, some of which have been of a 
high type of utilitarian service to the nation al 
large, may be listed: The centrifugal casting and 
cold working methods applied in gun manufacture, 
removable liners for artillery, introduction of new 


alloy gun steels, application of welding in the con- 
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struction of mobile gun carriages, improvements in 
light armor plate and armor piercing bullets, and 
developments in instruments and technique for 
examination of metals. 

Ancillary to the developments just mentioned 
have been the improvements in testing methods, 
notably impact and X-ray. Both have had a bene- 
ficial influence in the production of better 
Ordnance metals. Deep therapy, to test for the 
existence of internal flaws, affords a process con- 
trol for the foundry and the fabricating shop, espe- 
cially in welding to develop proper welding 
technique in which such elements enter as skill of 
the welder, composition and thickness of plate, 
and type of welding rod. Similarly, diffraction 
X-ray equipment implements research into inter- 
nal stresses, identification of crystalline structure, 
and other fundamental factors influencing the 
quality of metals, 

The foregoing activities are mentioned merely 
to illustrate the type of metallurgical research with 
which the Department must deal. There are many 
basic problems waiting to be solved... . 

The Ordnance Department, within the limita- 
tions of available funds, also conducts investiga- 
tions to improve methods of manufacture. A 
typical case may be of interest: 

As a result of the survey of industry incident 
to procurement planning it was found that the 
existing presses and draw benches suitable for pro- 
duction of the larger one-piece bomb cases (the 
only standard method of manufacture prior to the 
present fiscal year) was very limited and wholly 
inadequate to meet emergency requirements. The 
thickness of the metal in the nose section of this 
design of one-piece demolition bomb case limits 
the methods of manufacture to cupping a plate or 
piercing a billet and drawing. This process 
requires heavy presses and draw benches and con- 
siderable machining of the case is necessary to 
obtain finished dimensions. In war-time, there- 
fore, this would also throw an extra burden on 
the machine tool industry, already limited in 
capacity. 

It has been found that swaging or spinning a 
seamless tube to the required exterior shape and 
dimensions of a bomb case does not give the usual 
thickness in the nose section. However, a bomb 
case of equal or superior strength can be obtained 
by this method if the tubing be made from steel of 
higher physical properties. This development led 
to the manufacture in industry last year of large- 
diameter seamless tubing having a minimum ten- 
sile strength of 95,000 psi., which has been 
followed recently by the spinning on a commercial 
basis of large-diameter tubing having a minimum 
tensile strength of 105,000 psi. 

*aralleling this has been the development in 
the manufacture of large bomb cases from formed 


and welded plate. This is now a standard proce 
for manufacture. Further improvement in t¢! 
physical properties of the steel in large-diame 
seamless tubing and welded plate offers the pos: 
bility of obtaining bomb cases of superior qualiti« 

This improvement in bomb manufacture j 
typical of others continually in demand and | 
somewhat analogous to the production engineerin 
in the manufacture of artillery shell described in ; 
recent issue of Army Ordnance by Colonel Camp. 
BELL of Frankford Arsenal. (“Artillery Ammuni- 
tion Production”, by Lt. Col. Levin H. Campspeni 
Jr., Army Ordnance, March-April, 1939.) In such 
work the Ordnance Department of course must 
take the initiative, but when our problems are 
properly presented industry fully cooperates in 
their solution. The result is mutually helpful and 
in the interest of industrial preparedness. . . 

Gun erosion, optimum shell fragmentation, 
machinability, cartridge brass, improved armor 
plate and armor piercing projectiles, better gun 
steels, and improved welding, testing, and heat 
treating methods, ferrous and non-ferrous, are 
some of the fertile fields for physical and metal- 
lurgical research. There are many others. We 
need also much basic fundamental data both in the 
physical chemistry of steel making and in the field 
of physical metallurgy. Most of these problems 
are also industrial, but in certain cases we have 
specific fundamental problems, as in the determi- 
nation of gun erosion and the mechanism of rup- 
ture of armor plate and projectiles. The closer we 
correlate our research and development work with 
industry, the surer are we to obtain satisfactory 
metals and shorten that vital transition period 
from M-day until industry is in mass production 
of essential items for the armed forces. 

In conclusion, let me repeat that the Ordnance 
Department realizes the great importance of 
research and development to our national security. 
It attempts to capitalize not only on research pro- 
vided by industry but also to utilize that provided 
through technical societies, college and university 
groups, other research organizations, and individ- 
uals with special technical knowledge. The 
increased complexity of military equipment, the 
huge quantities required, and the vital necessity 
for speed in production serve to emphasize the 
need for close correlation and application to ord- 
nance of all data available. The ingenuity of the 
designer and the production manager also will be 
taxed to the utmost. Therefore, added emphasis 
must be placed upon projects leading to improved 
and simplified fabrication methods. This is one 
of the most promising ways in which to increase 
the war-time production rate. We must lean 
heavily upon the skill and facilities of private 
industry for research and for production engi- 


neering. 
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Rules Governing Forging Machine Dies 
(Adapted from E. R. Frost; Courtesy National Machinery Co.) 


Rule I— The limiting length of unsupported 
stock that can be gathered or upset in one blow 
without injurious buckling is three diameters. 


te} < 
d 6 
Hesdin 
Tool 
Zz Gripping Die 


Note. (a): A safer maximum length is 2'd; 
little attention need be paid to squareness of 


Rule IV—Large amounts of stock can be 
gathered by multiple application of Rule II and 
III, and by using square or tapered impressions. 


Note (a): In making the wide flange in sketch at 
left, below, the first and second impressions are within 
the 1'2d limit, but the third, being a short upset under 
Rule I, is unlimited in diameter. 

Note (b): The side of the square may be 1'%d of 
the original bar, and the diameter of the next round 
may be 1% times the diagonal of the square. 

Note (c): Tapered holes are proportioned as to 
their diameters at midlength of unsupported stock. 


end if l/=2d. If 1>3d, buckling will occur 


near the middle of the unsupported length. These of Square = 
| 


principles hold irrespective of whether the stock ri 


overhangs the face of the gripping dies, or oh 


whether any portion is gathered in either grip- 


ping dies, heading tool or both. 


Rule II— Lengths of stock more than 
3d can be gathered or upset in one blow 
provided the upset is contained in either 
the gripping die or a straight or slightly 


tapered hole in the heading tool, and the 
diameter of the upset made in that blow 
is not more than 14d. 


Note (a): Multiple buckling will be checked 
by contact with sides of the die, and friction 


therewith will cause a fin to form around end of 
upset. Such long upsets cannot be made half Face of 
in one die and half in the other, for central Heading Pippi Gripping Die 


buckle will receive no side support. 
Note (b): A safer maximum is 1.3d, and if Rule 
I is also applied, the upset will be free from end fins. 


max 


#°Taper 


Note (c): For very long upsets, it is helpful 
to have the end of the bar at a lower temperature, and 
to have a minimum diameter upset for the outer half of 
the die, the inner half tapering 4° to wider diameter 
at the base. 

Note (d): In upsetting tubing, wall thickness can- 
not be increased externally more than 25% at one 
blow; internal upsets are almost unlimited because 
arch effect prevents internal buckling. 


Hi 
G. PIpping Die 


Rule III— For upsets requiring more than 
3d in length of stock, and in which the upset is 
144d, the amount of unsupported stock beyond 
the face of the die must not exceed 1d (opera- 
tion 1, at right). 


Note (a): Unsupported stock can amount to 
1's d if diameter of upset is reduced to 1‘ d. 


Rule V —Sliding dies, for upsetting stock at 
some distance from the end of a bar, are 
governed by all the above rules. 

Note (a): Friction along the sides of the sliding 
die will favor upsetting near its front end, so multiple 
impressions should be alternately in front and rear 
half, or alternately in sliding die and gripping die, as 
shown in sketch below. 
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Quality Forgings 


By E. O. Dixon 


Chief Metallurgist, Ladish Drop Forge Co. 


ERHAPS the most important development in 

the drop forging field during the past vear 
may be described by the well-worn phrase of 
the military communiques “consolidation of 
gains”. Forged metal — traditionally the source 
of maximum engineering qualifications with 
respect to uniformity and strength combined 
with reliable toughness — has had bestowed 
upon it new responsibilities through its use for 
the more important aircraft applications. The 
important groundwork for this modern role has 
been laid in a few shops during the last few 
vears. Now, with great increases in production 
schedules, has come the problem of putting on a 
volume basis the lessons learned. 

It has been necessary to meet the rigid 
requirements for accurate control of grain flow 
with less dependence on the individual skill 
of the workman. New standards of mechanical 


excellence, of thinness and height of ribs, of 


surface, of freedom from decarburization, and 
of machinability are involved. 

Throughout all this the principle must be 
kept in mind that design must be based on the 
minimum values of physical properties rather 
than averages, and that consequently below-par 
forgings must be avoided at all costs. 

Worthy of special comment may be the 
refinements in heat treatment looking toward 
better machinability in forgings treated to min- 
imum ultimate strengths of from 160,0000 to 
200,000 psi. Aireraft forgings are in most cases 
finish machined in the final heat treated condi- 
tion. The important 
problem thus presented, 
with dimensional and 
surface requirements as 
they are, in many cases 
falls to the forge shop 
to solve. 

Aside from aircraft 
developments, the forg- 
ing field has advanced 
in the direction of slight 
reductions in draft 
requirements in special 
cases, and in improve- 
ments in heating to 
reduce amount of scale 
and decarburization. 


Large Press Forgings 


By Adolph O. Schaefer 
Engineer of Tests, The Midvale Co 


N PREVIOUS YEARS, Joun L. Cox, chief eng: 

neer of The Midvale Co., has explained tha 
manufacturers of large press forgings wer 
marking time and attempting to maintain thei 
skilled organizations. Manufacture of seamless 
boiler drums and reaction chambers, numerous 
types of shafting with a wide range of proper- 
ties, and other kinds of heavy forgings, wer 
extending the field of usefulness of this particu- 
lar product of the steel industry. Certainly the 
knowledge and skill gained by this development 
work will be of value in the days ahead of us. 

Forging technique in converting massive 
ingots into many of the various forms demanded 
by modern engineering has been described many 
limes. It is worthy of emphasis here that accu- 
rate control starts in the steel melting furnace; 
correct ingot practice to insure a mass of sound 
steel, reasonably free from excessively segre- 
vated regions, is the first essential in the manu- 
facture of large forgings. 

Thirty vears ago, prior to the last) War, 
nickel was the principal strengthening alloy 
used in large masses of metal. In the interven- 
ing vears we have learned much about the func- 
lions of other alloving clements, and something 
about how to use them. The amounts of the 
various alloving elements introduced into really 
large forgings are frequently prescribed not only 
lo produce requisite properties of strength and 
ductility, but also to obtain special qualities 
such as hardness, creep strength, fatigue. 
impact, and resistance to some corrosive or 
penetrating medium. 

Heating and heat 
treatment during all 
stages of manufacture 
are of utmost impor- 
tance. In the present 
situation, in which the 
producing facilities of 
the nation are strained 
to the utmost, it is 
worthy of note that the 
heat treatment of large 
steel forgings cannot be 
hurried. Increased pro- 
duction can be obtained 
only from increased 
facilities. The time evele 
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for each operation is fixed largely by the mass 
of metal involved and its composition. 
However, if increased facilities are to be 
made available for the manufacture of large 
steel forgings (which itself cannot be done in a 
few weeks) the problem is not entirely one of 
installing gigantic presses, heating furnaces and 
handling equipment. The responsibility placed 
on the men handling such work is great in pro- 
portion to the size of the forgings involved. The 
possible loss from error or oversight on the 
individual piece is exceedingly serious. Those 
men who have carried on the manufacture of 
this product during the last 20 vears of depres- 
sion and development may now be able to make 
a valuable contribution to the common welfare. 


Armor 


By William |. Mcinerney 
Pittsburgh Crucible Steel Co. 

metime Superintendent, Armor Treating Shor 
U. S. Naval Ordnance Plant 


Hk TREND of world affairs in the past vear 
has so revolutionized our thinking that we 
are now in a position diametrically opposite to 
public opinion a few vears ago. The pendulum 
that once swung so far toward peace and dis- 
armament is now gone further in the opposite 
direction. Where once we scrapped 35,000-ton 
ships that were building and never launched, 
we are now frantic to obtain even larger ships! 
Obviously the heads of our various govern- 
ment agencies, whose business it is to protect 
the nation, must have at their direction equip- 
ment which is better than any enemy's, if they 
are to succeed in their responsibility. Consid- 
ering the three essentials of equipment in any 
engagement. we must have armor, guns and 
projectiles. We will consider briefly the first of 
these items. 

Batileship) Armor We have upped the 
displacement of our first-line ships to 15,000 
tons, increasing the thickness of the armor and 
also the area protected, especially that which 
was found vulnerable from above, whether 
from high angle fire from an enemy’s ship. or 
from the various twpes of bombs or other attack 
by airplane. Added protection in all cases is at 
the cost of additional weight, which means 
more horse-power is needed to get speed and 
ease of handling. 

Of course it must be appreciated that a gun 


deck of suflicient size is necessary, especially in 


salvo firing, and this must also be of very sub- 
stantial construction. This penalty of dead 
weight challenges our ability to provide more 
ballistic value per ton of armor and while prog- 
ress can be reported there is still much to be 
desired. We need some further tremendous 
improvement, like our present day alloy steel 
armor as compared with the puddled = iron 
armor of 75 vears ago. 

We are returning to the basic type of design 
exemplified by the Monitor of Civil War days, 
which takes advantage of the water for protec- 
tion of magazines and vital machinery. (In 
the battle of Jutland several British ships were 
put out of action by shells that seemed to fall 
out of the sky, penetrating below decks by way 
of ventilating equipment or funnels.) We will 
some day perhaps exhaust everything at_ the 
stern or underwater, so that any part above the 
water line is equally protected, as far as possti- 
ble, from attack at any angle. 

Tanks — The total tonnage of armor for 
projected tanks is approaching that for battle- 
ships, and in development promises to parallel 
the experiences of the old line armor makers. 
At the present the general designs for tanks 
call for flat rectangular armor plates, but no 
doubt the influence of streamlining and bal- 
listic value will become apparent along with 
new ideas regarding analysis and treatment. 

Comparing tank armor with battleship 
armor, we find, for instance, the belt armor on 
the first line ship to be 13's in. in thickness, 
While the armor on the new tanks will approxi- 
mate | in. in thickness. Here again mobility 
and dead weight are factors in “who comes out 
on top” in the contest between armored mobile 
fortresses and armor-piercing projectiles. 

Airplanes —— At the present moment a limit 
as to weight of armor an aircraft can carry has 
been fixed, which means both thickness per- 
mitted and area covered. So we have a chal- 


lenge to try many materials other than steel or 


the metallic alloys. Several combinations are 
being perfected and patents have been issued on 
different combinations of steel, rubber, glass 
and other materials that are all more or less 
related to the basic reason for any armor, and 
its adaptation to the purpose of protection, We 
also expect that certain theoretical analyses 
likely to give high ballistic values, but impos 
sible to roll into plates, can now be cast cen- 
trifugally into evlinders of whatever thickness 
desired, and then formed and treated for the 


lighter gage plates. 
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Toolsteels for Hot Working Iron and Steel 


By H. E. Replogle, Crucible Steel Co. of America 


Requirements for All Hot Work Tools: 

1. Of sufficient toughness to resist working stresses. 

2. Of such composition and in such heat treated con- 
dition as to resist softening when in service. 

3. To have adequate wear resisting properties to assure 
normal, economical life. 

4. Of such composition and heat treated condition as 
to wholly or partially resist the tendency towards 
heat or fire checking. 


Influence of Design: 

1. Wedge designs, sharp corners and thin sections pro- 
mote chances of breakage and require inherently 
tougher compositions, usually secured through lower 
total alloy content steels. 

2. Designs including raised sections partially or wholly 
buried in hot metal require types of higher red hard- 
ness and may not require as high toughness char- 
acteristics as other wedge designs. 


Importance of Mechanical Set-Up: 

1. All forging dies should be properly lined up. 

2. Machines should be true to assure uniform applica- 
tion of pressure or impact. 

3. Dies should be so adjusted in hand fed and auto- 
matic forging machines as to prevent excessive pres- 
sure being developed on the faces of the dies, thus 
decreasing probability of fatigue failures. 

4. Dies should not be mounted in worn or warped shoes 
or holders. 


Importance of Adequate Preheating: 
1. Well warmed dies and tools are less susceptible to 
cracking. 


2. Minimum temperatures secured through use of buried 
unit heaters in certain types of drop forging dies pro- 
long service life and retard heat checking. 


Importance of Cooling: 


1. Methods of cooling—Air, Oil, Water. Retards local- 
ized heating which may exert a tempering and soft- 
ening action. 
a—Air cooling least drastic—applicable to all types 
of tools. Also serves to blow away scale which, 
if present, will cause undue wear of dies. 

b—Oil cooling—somewhat more severe and rapid but 
rarely detrimental to any tool or die. 

c—Water cooling—most effective, but very drastic and 
often dangerous. When large dies attain high 
temperatures, water cooling tends to cause heat 
checking. Punches and small dies are often suc- 
cessfully cooled with an ample flow of water. 


Influence of Die and Tool Lubrication: 


1. Heavy graphite bearing greases serve as lubricants 
and prevent sticking. Usually assures better wear. 


Quenching: 

Among the data given below are recommenda- 
tions as to the quenching medium; oil, air and “oil 
& air”. The words “oil & air” signify an interrupted 
or timed quench. With this method, a tool or die is 
quenched in oil to a temperature of about 1000° F., 
or where all color disappears. When this state is 
reached, the tool or die is removed and allowed to 
cool naturally in still air until cool enough to be 
handled in the bare hands. It should then be drawn 
as directed. 


Recommended Compositions, Heat Treatments and Hardnesses 


Analyses, % 


Cc Min Si Ni Cr V W Mo 


Heat Treatment (°F.) 
Brinell 
Pre-Heat HighHeat Quench Draw Hardness 


Insert Dies in Upsetters 


0.55 0.25 / ee 1.25 0.18 2.75 ‘6 1400 1750 Oil 1200 400 to 450 

0.30 0.40 1.00 a 5.00 .... 1.30 1.45 1400 1850 Air 1100 400 to 450 

0.30 0.30 ae 3.25 0.25 9.00 1450 2150 Oil & Air 1200 400 to 450 

0.25 0.20 eee odie 4.00 0.50 15.00 1550 2350 Oil & Air 1200 400 to 450 

Presses, Preloaded Dies 

0.40 0.30 dies ee 1.75 0.18 11.00 Lo 2150 Air 1100 539 to 578 

0.45 0.30 ; 2.75 0.40 15.00 1550 2200 Air 1150 539 to 578 
Gripper Dies for Hand Fed Machines 

0.55 0.25 Te ‘ 1.25 0.18 2.75 asst 1200 1750 Oil 1100 450 to 500 

0.55 0.30 0.40 dick 4.00 1.00 on 0.50 1200 1650 Air 800 450 to 500 

0.30 0.30 ey wey 3.25 0.25 9.00 1200 2150 Air 1150 450 to 500 
Gripper Dies for Automatic Machines 

0.30 0.40 1.00 — 5.00 ‘acai 1.30 1.45 1400 1850 Air 1050 444 to 526 

0.55 0.35 Rya casts 4.00 1.00 rie 0.50 1200 1625 Air 1000 444 to 526 
Header Dies for Hand Fed Machines 

0.55 0.25 ald —— 1.25 0.18 2.75 1200 1800 Oil 1225 430 to 461 

0.30 0.30 eed ais 3.25 0.25 9.00 an 1450 2150 Air 1175 430 to 461 

0.30 0.40 1.00 Fa 5.00 ee 1.30 1.45 1400 1850 Air 1100 400 to 450 
Header Dies for Automatic Machines 

0.55 0.25 ae Pee 1.25 0.18 2.75 ens 1200 1800 Oil 1250 388 to 429 

0.30 0.40 1.00 Sin 5.00 coe 1.30 1.45 1400 1850 Air 1100 400 to 450 

Forging Punches 
0.30 0.30 ; : 3.25 0.25 9.00 else 1500 2250 Oil & Air 1175 425 to 450 
0.30 0.40 1.00 news 5.00 eo 1.30 1.45 1400 1850 Air 1100 400 to 450 


The above data do not represent all of the types being 
used for the various applications listed, nor do they repre- 
sent the only heat treatments or hardness values for these 
types. Neither do the above listings include flat, cut and 


swaging dies used in beam, steam or air hammers. How- 
ever, the types and treatments listed represent the broadest 
general selections being used commercially today in the serv- 
ices noted. 


Metal Progress, 1910 Reference Issue, Page 512 


| 
} | 
1h 
comet 
4% 
| 
| 
| 
A) 
At 
if 
Bian. 
WER 
big 

alt 

cast 

AS 

7 

| 
| 
1 
| 
| 
| 
| 
re 
| 
i 
ae 
| 
| 
| 
j 


Improved Die Steels 
By H. E. Replogle 


Toolsteel Division, Crucible Steel Co. of America 


URING the past year there has been a con- 
siderable study made of the hot work type 
of steels available for forging dies. Thorough 
testing in the forge shop has indicated the desir- 
ability of the group roughly identified as the 
“5¢> chromium hot work steels” and mentioned 
in “Critical Points” in August Metrat ProGress. 
A steel in the low carbon range, alloyed 
with tungsten and molybdenum, shows particu- 
lar promise for insert dies for drop forging work 
as well as for gripper dies and piercers on upselt- 
ter forging machines. <A_ typical analysis is 
0.306 C, 1.006 Si, 5.00 Cr, 1.305 Wand 
145°. Mo. Capable of withstanding abuse such 
as water cooling, difficult designs, and abrasive 
scales, this type has made uniformly high pro- 
duction runs at high hardnesses on drop forging 
work, as well as improved resistance to heat 
checking. A thorough study of this type is rec- 
ommended for the applications listed above. 

A more spectacular but more limited field 
has opened up in the use of the high carbon, 5‘ 
chromium type for hot work applications. The 
type is generally considered for punch and die 
applications on cold work only. A_ typical 
analysis is 0.95% C, 0.385°° Si, 5.25¢° Cr, 0.506 
V and 1.15‘. Mo. To the considerable surprise of 
many experienced forging and toolsteel men, this 
tvpe, formerly considered only for cold) work 
punches and dies, has made unusually long runs 
as both forging press or hot coining press dies 
and drop forging dies when tempered to a hard- 
ness of 450 to 477 Brinell. Its possible applica- 
lions are as vet unknown; however, on 
comparatively simple designs, when used as an 
insert, it is usually free from heat checking, and 
has high resistance to abrasive wear from scale. 

Present indications are that where this 
group is applicable it may consistently out- 
perform many of the more expensive tungsten 
die steels. However, the prospective user should 
be warned that loose machines, poor fits 
between insert and holder, and careless set-up 
will almost certainly prevent success; only sim- 
ple designs should be tried where there is a 
minimum of side or splitting stresses. When 
properly applied, heat treated and set up, this 
group has shown every indication that it must 
be considered as one of the valuable hot work 


steels available to us. 
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Aircraft Engine Forgings 
By H. J. Fischbeck 


Process Engineer 
Pratt & Whitney Aircraft Div. 


IRCRAFT ENGINE forgings are highly 

refined articles of manufacture, and Pratt 
& Whitney finds it best to secure all of them 
from vendors who specialize in this class of 
work. In fact, we have divided the materials 
into three categories — heavy steel forgings, 
light steel forgings, and non-ferrous forgings 
and have separate suppliers for each. 

Extra care starts in the steel mill. Steels for 
many parts require that the first, middle, and 
last ingot in each heat be sampled in the billet 
and tested variously for composition, segrega- 
tion and inclusions. Finished bars from the 
same locations are then tested for tensile 
strength, grain size, and surface checked for 
microscopic flaws by magnaflux, not only once 
but three times, after successively turning to 
smaller diameter. Each finished bar is marked 
for heat number, ingot number and position in 
ingot, and an end disk cut for deep etch test. 
This extreme care for soundness and quality is 
supplemented by work at the forge plant where 
incoming material is checked for microstruc- 
ture, macro-etch, and hardenability. 

Qur biggest supplier of large forgings is 
equipped for making nothing but these large 
forgings and his system for handling material of 
this type is especially adapted to the require- 
ments and all material is handled in the same 
way. All the care lavished on forging machinery, 
dies, rate of heating stock, temperature control, 
and trimming to make a quality forging is inten- 
sified into “aircraft quality”. 

Requirements for small forgings for air- 
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: lard Tole ‘orging 
‘es for I . to 10 
Standa olerances for Forgings up to db. 
Summary of Standards Adopted by Drop Forging Association, 1937 
OLERANCES, within the scope of — IIa)—Shrinkage and Die Wear Class IiI[—Draft Angle Tolerances in Degrees 
these standards, shall be either 
special” or “regular. | Dror | Upset Foraines 
Special tolerances are those partic- See table below. These shall not 
ularly noted on the drawings or in the be applied separately, but only as PSIDE | HoLes HoLes 
specifications, and apply only to the the sum of the two; they shall be —— =— = a aol 
particular dimension or thing noted measured in such a way as to elimi- Nomina —_ : lan 3 ° 
They may state anv or all tolerances in ‘te draft or variation in draft. They see tol to 13 09 to 5/0 to8 
A Close limits O0to8 Oto 8 | 0to4/ 0to7 
any way as occasion may require. Reg- @PPHY to that part of the forging , 
ular tolerances apply in all other cases. formed by a single die block, and to 
Regular tolerances in general forg- "0 dimension crossing the parting Class IV— Quantity Tolerances 
ing practice are known as (a) “com- plane 
Any quantity shipped within the 
merc ial standard, for general forging Shrinkage and Die Wear in Inches aide ea ; Pest 
practice, or (b) if extra close work 
is desired involving additional expense SHRINKAGE | Die Wear shall be considered as completing each 
and care in the production of forgings, a aE a release or part shipment of an order 
OM- MAX. OM- ~ Limits are as follows: 
‘tose sti ar i C.LOSI A are as Ss: 
close standard” may be specified. NEW 
LOR | Weiaur or Quantity Tolerances 
Class I— Thickness Tolerances 
1 in. 0.008 0.002 1 Ib. 0.032 0.016 NUMBER 
j 5 gsi; 35 Over-RUN UNbDER-RUN 
For drop hammer forgings, thick- 2 in. | 0.006 0.008 Ib. 0.055 ON ORDER 
3 i | 1.005 O18 
ness tolerances shall apply to the over- lto 1 piece 0 
5 in. 0.012 0.006 7 Ib. 0. 2 
all thickness measured in a direction ‘ @ 
licul he fund Sin. 0.015 0.008 Ib. 0.011 | 0.022 3 to 2 pieces 1 piece 
perpendicu ar to the undamental part- 6 in. 0.018 0.009 11 Ib. 0.017 | 0.024 6 to 19 3 pieces 1 piece 
ing plane of the dies. ~ 20 to 29 4 pieces 2 pieces 
For upset forgings, thickness toler- For each additional inch!) For each additional 2 Ib. 30 to 39! 5 pieces | 2 -pieces 
ances shall apply to the metal actually add 0.003 | 0.0015) add 0.003 | 0.0015 10 to 19 6 pieces 3 pieces 
enclosed and formed by the dies, meas- For example: For example: he a 4 pieces ; pieces 
ured parallel to the direction of travel 7 i 0.021 oon 13 Ib. 0.050 0.026 oe wa Ho pieces pieces 
of the ram. in. 0.036 O018 21 Ib. 0.062 0.031 pa 10 
+, 18 in. 0.051 0.027 31 Ib. 0.077 0.039 pieces 5 pieces 
Thickness Tolerances in Inches 91 in. 0.072 0.036 11 Ib. 0.092 0.016 100 to 199 10% 5.0% 
Max. Ner| Comercial CLOSE 36 in, O108 0.051 OL Tb. 0.107 0.054 200 to 209 9% 1.5% 
in. 0072 71 1b. 0.137 | 0.069 300 to BM 1.0% 
WEIGHT | Minus! | Minus) Pies in. 0.180 0.090 91 Ib. 0.167  O.084 600 to 1,249 7% 3.5% 
0.2 | 0.008 0.024 | 0.004 | 0.012 1.200 to 2.999 6% 3.0% 
0.4 | 0,009 0.027 | 0.005 | 0.015 Mi tching Tol 3,000 to 9,999 
06 0.010 0.030 | 0.005 0.015 » ismatching Lolerance 10,000 to 39,999 1°; 2.0% 
08 0.011 0.033 | 0.006 | 0.018 Mismatching is the displacement of a point 1 2 sh 299,999 1.5 
1 | 0.012 | 0,036 | 0.006 | 0.018 in that part of a forging formed by one die 1.0% 
2 0.015 0.045 | 0.008 | 0.024 block of a pair, from its desired position when 
; rl cane rene | perc located from the part of the forging formed in Class V—Fillet and Corner 
: exes tes end bans the other die block of the pair, measured in a T 
§ 0.019 0.057 | 0.010 | 0.030 olerances 
ae rat projection parallel to the fundamental parting 
10 0.022 0.066 | O.OLL | 0.083 
ras hate . : sjlane of the dies. It does not include any dis- Fillet and corner tolerances apply to all 
20 0.026 0.078 | 0.018 | 0.039 : pp’ 
; on | «. - acement caused by variation in thickness of intersecting surfaces even though drawings or 
30 0.030 0.090 | 0.015 | 0.045 
40 0.034 0.102 | 0.017 | 0.051 the forging; mismatching tolerances are inde- models indicate sharp corners. If such draw- 
50 0.0388 0.114 | 0.019 | 0.057 pendent of and in addition to any others ings or models have or indicate (even though 
| | actual dimensions are -cifie ille 
60 0.012 0.126 0.021 0.063 ensions are not specified) fillet or 
70 0.016 0.138 | 0.023 | 0.069 corner dimensions of larger radii than the 
80 0.050 0.150 | 0.025 | 0.075 Max. ees eee following standards, such larger dimensions 
90 0.051 0.162 | 0.027 | 0.081 Nev Weicut shall be considered as actually specified and 
100 0.008 0.174 0.029 0.087 1 Ib 0.015 0.010 the tolerances shall he “special lerances.” 
7 lb. 0.018 0.012 Where a corner tolerance applies on the 
Class I]— Width and Length 13 Ib. 0.021 0.014 meeting of two drafted surfaces, the tolerance 
Tol , 19 Ib. 0.021 0.016 shall apply to the narrow end of such meeting 
olerances 
For additional 6 li and the radius will increase toward the wide 
Width and length tolerances shall add 0.003 0.002 end. The total increase in the radius will 
be alike, and are classified in three sub- - equal the length of the drafted surface in 
divisions (a) shrinkage and die wear 97 “ty 0.033 0.022 inches, multiplied by the tangent of the 
of UO ing raft anole 
tolerance, (b) mismatching tolerance, 55 Ib 0.042 0.028 nominal draft angle. 
(c) trimmed size tolerance. 79 Ib. 0.054 0.036 Fillet ic Tol 
For drop hammer forgings, width 97 Ib. 0.063 0.042 we 
and length tolerances shall apply to the : : : 
Max. Ner Weigut Commerctat! CLose 
metal actually enclosed and formed by 7 Tri 1 Size Tol 
ize srances 
the die, as measured parallel to the 0.3 Ib. 3 32 3 61 
fundamental parting plane of the dies. The trimmed size shall not be greater nor 1 Ib. 18 6 
l 
For upset forgings, width and length __ less than the limiting sizes at the parting plane 3 Ib. 5/32 5, 64 
tolerances shall apply to directions imposed by the sum of the draft angle tol- 10 Ib. 3/16 3/32 
perpendicular to the direction of travel erances and the shrinkage and die wear 30 Ib 7/32 7 64 
) 
of the ram. tolerances. 100 __ Ib. | 14 | 18 
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craft engines are not so closely restricted and 
sources of supply are more numerous. But 
again, we have found it advisable to buy the 
vreater portion of the small forgings from one 
vendor who is experienced in making small 
forgings of aircraft quality. The system of con- 
trol here is not so elaborate for each individual 
forging but is carried out to approximately the 
same extent for each lot or group of pieces. 

We check our large forgings 100°¢ for most 
of the physical properties, while our small 
forgings have complete checks on only a small 
percentage of the pieces received. While some 
of this minute care may appear to be super- 
fluous, it undoubtedly is a prime factor in the 
ability of Americans to build aircraft engines of 
unsurpassed reliability. 


Forgings for Aircraft Structures 


By S K Oliver 
Metallurgist, Douglas Aircraft Co., Ir 


NCREASED foreign demands for American 

built planes, national preparedness — for 
defense, and the upward trend in commercial 
air transport, have resulted in a complete 
orientation of specifications for 
processing and fabricating mate- 
rials in the aircraft) industry. 
Forgings and forging materials 
are just two of the major items 
which are experiencing changes 
as a result of this” increased 
activity. 

At the present time the ratio 
of ferrous to non-ferrous forg- 
ings for aircraft structures (not 
including engines) is approxi- 


mately one to four, and the fer- 
rous materials used for aircraft 
drop hammer or pressed forgings can be classed 
in the following manner: 

Approximately 90° of them are of the 
chrome-molybdenum S.A.E. 4130 type of mate- 
rial, while the remaining 10° are made up of 
medium straight) carbon S.A.E. 1045) steels, 
medium carbon alloy steels (312 nickel and 
chrome-vanadium types), and corrosion resist- 
ant material (stainless steel). The trend in 
future designs indicates an increase in the use 
of stainless. 

Whether this grouping of materials “just 
happened” or was carefully planned cannot be 
determined. Compared to other industries the 


aviation industry has done a good job in simpli- 
fving and minimizing the number of ferrous 
materials used for drop and press forgings. 

The non-ferrous forgings (approximately 
99°. of which are aluminum alloys) have, up 
lo now, enjoved the largest share of designers’ 
and builders’ material requirements, outnum- 
bering steel four to one, as mentioned above. 
It is the consensus of designers in the Los 
Angeles region that with increased production 
of airplanes and accessories the four to one 
ratio will become more nearly balanced toward 
the ferrous materials. Several factors that will 
contribute to this change will be the redesign 
of large numbers of structural parts now built 
of ferrous sheets, bars and extrusions (a method 
entailing high tool and labor cost) to drop ham- 
mer or press forgings. 

The designers’ requirements of greater 
strength and reliability with low weight can 
now be met by precision drop hammer forgings 
in alloy and stainless steels. 

In the non-ferrous field) (which up to the 
present has been dominated by aluminum 
allows) the spotlight has swung around and is 
now focused on a new forging material, magne- 
sium alloy. Such forgings are finding an ever 
increasing value to the aircraft 
industry because they are 
about 10°. lighter in’ weight 
than aluminum, vet are strong, 
have good fatigue resistance, 
and exceptional ease of 
machining. 

Magnesium have 
been developed which are suil- 
able for drop hammer forgings 
as well as press forgings. The 
allovs suitable for drop) ham- 
mer forgings are somewhat 
lower in cost and the forgings 
can be made to closer dimensions than press 
forgings, but they do not develop as high 


strength. 


Aluminum Aircraft Forgings 


CURING THE PAST YEAR the demand for 
aluminum alloy forgings has increased 
more rapidly than ever before in’ the history 
of the industry. With the opening of the war in 


Europe, the aircraft industry this countrys 
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entered upon a_ period 
of rapid expansion. This 
not only increased the 
demand for parts for- 
merly produced as forg- 
ings, but also resulted 
in the introduction. of 
many new forgings into 
airplane structures. The 
production of larger 
numbers of planes. of 
the same model justi- 
fied the expense of dies 
and brought about the 
adoption of forgings in 
places where castings 
and welded structures 
had been used in the 
past. The net result has 
been that the produc- 
tion of aluminum 
forgings is now approx- 
imately at four times 
the rate it was during 
the summer of 19389. 

A change has been 
taking place gradually 
in the type of structural 
fittings produced for 


airplanes. Several vears 
ago it was general practice for aircraft designers 
lo specify small forged aluminum fittings, which 
were joined by other types of structural mate- 
rial. Then a group of fittings placed close 
together were redesigned so that a single larger 
forging could be used in their place. This has 
resulted in a steady increase in the size of 
forged fittings until this vear entire wing sup- 
ports are being produced as a single forging. 

This change in the physical dimensions of 
forged aircraft structural parts has been made 
possible only by the use of larger and heavier 
forging equipment, and some of the largest 
hammers ever built are now in use for this pur- 
pose. More of these large hammers are being 
placed in service and it is to be expected that the 
use of large forgings will be extended to other 
commercial fields. 

Another development during the past vear 
has been the much greater use of hydraulic 
presses for various forging operations. This 
tvpe of equipment is used for breakdown and 
cogging operations on alloy ingots which do not 
lend themselves readily to rolling. It is also 
advantageous in working material of large 


cross-section, where the effect of the work mus 


penetrate to the center of the mass. This us 
of hydraulic presses is analogous to the practic 
in heavy steel forgings and has enabled th) 
industry to develop and put into productio) 
alloys with higher mechanical properties tha; 
were ever before available. 

One of these new alloys has proven par- 
ticularly adaptable to airplane propeller pro 
duction and thousands of propeller blades 
made from it are now in service. It is believed 
that in the course of years this alloy will 
demonstrate its clear superiority over materials 
previously used. 

The use of small pressings, one of the newer 
forms of aluminum forgings, has continued to 
expand, particularly in the aircraft field. Their 
close dimensional tolerances, coupled with low 
machining costs brought about by these toler- 
ances, have made this type of forging particu- 
larly attractive for many parts such as_ pipe 
fittings and control components. 

Technical advances, such as improvements 
in preheating and heat treating methods and 
equipment, have kept pace with the mechanical 
advances noled, so that today the quality as 
well as the quantity of aluminum alloy forgings 
in airplanes is on a higher level than ever 
before. 


Fast Presses 


By E. V. Crane 


Engineering Department, E. W. Bliss Co 


ELF-CONTAINED, high speed, hydraulic 


presses are settling down to a proper place 
in the stamping industry, in keeping with their 
advantages and their limitations. The best 
eveles of operation are quite economical and 
sound, and give speeds approaching those of 
modern mechanical presses. Positive control 
of the down stroke, close fitting gibs, and effec- 
tive purging of entrained air are now accom- 
plished facts in our lines of equipment. 

Enclosed models of fast mechanical presses 
trend to the streamlining of easily removable 
covers or hoods and the use of split main bear- 
ings, as well as split intermediate and drive- 
shaft bearings for easy maintenance. 

Governmental requirements for large quan- 
tities of small parts have given further impetus 
to the use of high production automatic presses, 
which complete the parts at one handling from 


coil stock. 
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FORGING SHELLS ACME 
"XN" 5-INCH FORGING MACHINE 


® Here is one of the 5-inch ACME XN forging machines at work forging projectiles 
for our own preparedness program. Forging practice has advanced during recent 
years to the point that so great a degree of accuracy can be maintained in steady pro- 
duction that it is no longer necessary to machine the internal surfaces of the shell. 
Specified tolerances on shell bores, minus nothing, plus .020”, are easily maintained. 
This ACME XN forging machine will produce 75-mm. shells at the rate of 75 an 
hour. It will forge 105-mm. shells with change of dies. This powerful machine's 
frame, a one-piece steel casting, accounts for over 100,000 Ibs. of the total weight 
of 190.000 Ibs. Five cavity dies are used to forge the shells. Pilot holes in plate at 
front of fixed die serve to insure a true center for punches and also act as a stripper. 
This machine is now equipped with a manipulator, (patents applied for) developed by 
Acme engineers to sustain entire weight of the forging, thereby eliminating fatigue 
of the operator. It transfers and locates stock mechanically in each groove of the dies 
progressively, thereby increasing production 10% to 15%. 

All ACME XN forging machines have the eccentric type main shaft, fully suspended 
header slide and suspended dic slide, with double toggles. A catalug fully describing 
them will be sent on request. 


@ Successive steps in the forging of projectiles in an Acme NN Jorging machine. 


ACME MACHINERY DIVISION 


of THE HILL ACME COMPANY 4535 ST. CLAIR AVENUE 
Established 1862 
FORGING- THREADING - TAPPING -BOLT-NUT-RIVET MACHINES 
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METAL AFFORDS 


AJAX 


provides unusual facilities for 
forging a great variety of shapes 


Metals subjected to compression force, as when forging in con- 
fining die impressions, offer the maximum in grain refinement 
and toughness. In the forging process, grain flow is controlled, 
and higher physical properties are attained. By forging, it is 
possible to obtain a range of specific "quality advantages" 
which are not otherwise obtainable. 


Speedier production of forgings, closer tolerances, substan- 
tial savings of material, and reductions in cost, are common 
benefits realized when forgings are fabricated with Ajax Forg- 
ing Machinery. 


Ajax Upsetting Forging Machines 

Seldom is so high a penalty placed upon the use of obsolete 
equipment as in the use of upsetting equipment, where Ajax 
Air Clutch Forging Machines are consistently setting and main- 
taining new production records on all types of upset forgings 
weighing from a few ounces to many pounds. Smooth, cushioned 
starting at high speed makes possible the completion of many 
multi-operation forgings at a single heat, which would otherwise 
require re-heating. 
As one part after another, whether of simple or complex de- 
sign, whether weighing a few ounces or many pounds, has been 
successfully forged in Ajax Air Clutch Forging Machines, it 
has become practical to upset forge an ever increasing variety 
of shapes and sizes. 


In Ajax Air Clutch Forging Machines, the unyielding rigidity of 
the one-piece, solid steel frame, with continuous crankshaft 
housing, withstands the tremendous pressures of gripping ond 
heading. This results in unusually accurate die and tool align- 
ment and consistently uniform, accurately matched forgings. 


Seemingly difficult operations are rendered easy with the pre- 


cision matching of all die elements in these machines. Uniform ty 
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OBTAIN THE MAXIMUM 


FINEMENT AND TOUGHNESS 


of forging dimensions is limited practically only by the accuracy 
to which dies can be maintained on production work. On many 
forgings, the machining allowances are little more than is re- 
quired for removing the decarburized skin. 


These heavier, more powerful, faster machines, ranging in size 
from | inch to 8 inches, are producing an ever-increasing variety 
of shapes and sizes of forgings for industrial equipment, automo- 
tive, aircraft, ordnance, navy and diesel construction. 


Write for Bulletin 65-A describing sizes |-inch to 8-inch. 


Ajax Solid Frame Forging Presses 


Ajax Solid Frame Forging Presses, capacities 500 to 2,000 tons, 
for accurate high speed forging, have greatly widened the field 
of practical press forgings. They are making certain classes of 
forgings, both hot and cold, of ferrous and non-ferrous metals, 
with a degree of accuracy and economy far surpassing other 
types of forging equipment. The advent of these presses re- 
moved restrictions which had handicapped progress on the 
older, slower, less rigid, and less accurate crank, toggle and 
hydraulic presses. 


Symmetrical forgings such as gears, driving flanges, hubs, and 
rock drills are produced from blanks of round or round-cornered 
square stock sheared to length and up-ended between the dies. 


The extrusion process is employed for cup or shell-type forgings, 
also forgings with large heads and slender shanks, like poppet 
valves, when the volumetric relation of head and shank would 
make upset forging difficult. 


Stock may be forged flat-wise to produce forgings in direct com- 
petition with hammer forgings. Required variations in cross-sec- 
tion, when not too great, may be obtained by preliminary fuller- 
ing operations. Where the cross-sections vary excessively, blanks 
may be prepared by pre-rolling in Ajax Wide Adjusting Forging 
Rolls, and press forged at the same heat as rolled. 

These Ajax Solid Frame Forging Presses have twice the speed of 
the fastest presses of equal tonnage ten years ago. Their high 
speeds result in unforeseen advantages and economies in fabricat- 
ing press forgings. Write for Bulletin No. 75, which completely 
describes these presses and their greater production possibilities. 
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NEW 


NATIONAL FORGING MAXIPRES 


MACHINERY COMPANY 


TIFFIN, OHIO. 


New York 
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NEW 
NATIONAL FORGING MACHINES 


High Speed Forging Maxipresses 
and National High Duty Forging Machines 
merit your serious consideration for any type of forging 
job ....many forgings previously thought impossible 
on machines of this character are thoroughly practical 
on these new Nationals. 


May we help you investigate ? 


MACHINERY COMPANY 


TIFFIN, OHIO. 


| 
| 
Detroit Chicago 


Forgings 


For ALL INDUSTRIES 


Composite Die Sections... . Rings. . . Discs 


Blocks ... Shafts... Hubs .. . Bars and 
Special Shapes. 


FORGINGS 


Billets and Bars of High Speed Carbon and 
Alloy Tool Steel. 


FORGINGS 


Billets and Bars of SAE Specifications, Nitral- 
loy and Stainless Grades. 


Copper Forgings 


Send 


FOR THIS 
VALUABLE 
BOOKLET TODAY 


AJAX STEEL & FORGE CO. 


205 Adair Street Detroit, Michigan 


SEE THESE AT BOOTH Y-50 
Martindale Motor-Flex Units 


Made in five general types 
from single-speed bench type 
to three-speed floor type with 
motors from 1/6 h.p. to '2 h.p. 


MARTINDALE ROTARY 
FILES AND BURS 


These high-speed Rotary 
Files and Burs are car- 
ried in stock in a wide 
range of sizes ready for 
immediate shipment. 


MARTINDALE 
PROTECTIVE MASKS 


Light, Comfortable, 
Effective, Sanitary 


PLACE HEAD 
(BAND WELL 
UP AROUND 
HEAD TO KEEP 
FROM 
PING DOWN 


1 Mask and 25 refills .. . $1.23 

4 Masks and 100 refi'ls .. . 4.25 press nose 

6 Masks and 150 refills ... 5.40 

We pay postage if payment is sent pr PRESS EDGES 
with order. on 


FACE SNUGLY 
Not recommended for toxic dusts or 


Write for Complete Catalog 


MARTINDALE ELECTRIC CO. 


1392 Hird Avenue Cleveland, Ohio 


These Questions On 


FORGING METALS 


Can it be forged? 

What is most suitable steel ? 
Can non-ferrous serve? 
Does it machine readily in the 
heat-treated condition? 
How about the fibre direction ? 


. and HUNDREDS more 


are fully answered in the 


FORGING HANDBOOK 
B 
Waldemar Naujoks cel Donald C. Fabel 
630 pages__________-- 400 ill. 
Red cloth binding 6x9 
$7.50 


published by the 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave. Cleveland, Ohio 
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FORMING DIES... 


— where AMPCO METAL’'S hardness, its re- 
sistance to piening, weor and impact result 
in exceptional accuracy and long life. 


GEARS... 


The toughness and wear resistance typical of 
AMPCO METAL recommends it for all types 
of gears, ranging from a fraction of a pound 
to hundreds of pounds each 


PICKLING EQUIPMENT... 
AMPCO METAL'S great resistance to corrosion 


mokes it widely used in this type of service, 
and wherever else corrosion is a problem. 


BEARINGS... 


AMPCO METAL is probably more widely used 
for bearing service than any other bronze. It 
is noted for its stubborn resistance to wear, 
‘squashing ovt’’ ond shock loads. 


Like Protective Hands for a 
SAFE LANDING! 


A critical moment — as plane and ground meet. If vagaries of wind and 
timing make the meeting a rough one, the landing gear must safely absorb 
severe impact. 


At points of greatest stress and shock in the landing gear of plane after 
plane, AMPCO METAL is used . . . undeniable proof of the greater strength 
and longer wearing qualities of this dependable bronze. 


SPECIFIED for the “TOUGH” JOBS 
In other industries, as in aviation, you'll find AMPCO METAL widely used 
wherever exceptional durability and resistance to impact, fatigue, wear and 
corrosion are required. It enjoys a unique reputation as “the metal that 
makes good when all others fail.” 


Have You a Problém of “Metal Failure”? 
Maybe AMPCO METAL can master a troublesome job for you. It's made in 
many grades and forms. Tell our engineering staff what you're up against, 
and they'll be glad to supply complete data and recommendations. There's 
no obligation. Write 


AMPCO METAL, INC., Dept. MP-10, Milwaukee, Wisconsin 
At the National Metal Show... AMPCO SPACE Y-26 
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Non-Ferrous Metals 


Strategic Metals 
(Other Than Manganese and Chromium)* 


By S. M. Shelton 


Supervising Engineer, Ore-Dressing Section 
Metallurgical Division, Bureau of Mines 


TRATEGIC METALS represent a_ strikingly 

small percentage of our national metal 
requirements, but strategic classification by defi- 
nition means national deficiency, and adequate 
provision for emergency or national defense can 
tolerate no deficiency, however small, 

Nickel, tin, antimony, tungsten, and mer- 
cury are designated with manganese and chro- 
mium as strategic metals by the Army and Navy 
Munitions Board. 

Nickel has grown from an interesting minor 
metal to a necessity, but domestic reserves have 
not been established, Our supply is imported 
(mostly as matte, ore, and alloy ingots) from the 
Sudbury and Cobalt districts of Canada, which 
produce 90° of the world’s nickel. 

Tin is probably even less abundant than 
nickel in domestic deposits. Malaya has sup- 
plied more than half of our requirements, with 
some 20°) smelted in Great Britain from Boliv- 
ian and Nigerian ores. 

The position of antimony is similar to that 
of nickel, in that the major source of supply is 
in a neighboring country. Since 1930 Mexico 
has replaced China in providing our antimony, 
and in recent vears Mexico has satisfied more 
than 60° of our primary antimony require- 
ments. Imported ore is smelted at Laredo, Tex., 
and at Los Angeles. Domestic production of 
primary antimony is small, but may be 
increased. The Mexican reserves and certainty 
of supply of antimony are not so well estab- 
lished as those of Canadian sources of nickel. 

Fortunately, we have domestic reserves of 


indispensable tungsten to supplant the dwin- 


“Published by permission of the Director, Bureau 
of Mines, U. S. Department of the Interior. 


dling supplies from China. Mines in Nevada, 
California, and Colorado, with other smaller 
deposits, probably can supply more than half 
our requirements. 

Mercury is produced domestically in impor- 
tant quantities, and large reserves are known. 
However, the tenor of the ores has reached low 
levels. Improved technology and high price 
levels are needed to make us independent of the 
principal world producers in Spain and Italy. 

Historically, nations have attempted to pro- 
vide needed materials by international treaty or 
agreement, by acquisition of territorial sources 
of supply, by encouraging the development of 
domestic resources, by the purchase of adequate 
stock piles, and the invention of substitutes. 

Domestic deposits of ores of all seven stra- 
tegic minetals warrant careful investigative and 
development work. Present secondary recoy- 
eries of tin and antimony furnish appreciable 
percentages of supply, but submarginal second- 
ary supplies deserve study. Secondary supplies 
of nickel in discarded automobiles and other 
scrap will be important if the need for nickel 
becomes acute. 

A comprehensive investigation of substi- 
tutes for tin, antimony, and mercury is needed 
to control consumption in times of emergency. 

More extensive mineral development work, 
with improved methods of ore dressing and 
smelting, will insure a supply of tungsten and 


mercury for pressing domestic needs, 


New Uses of the Minor Metals 


OME sketchy notes on metals, less well known 

and widely used, may be of interest, although 
consideration must necessarily be brief: 

Bartum— The production of barium is on 


a pilot plant or experimental scale to satisfy the 


relatively small poundage consumed, chiefly by 
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the manufacturers of radio, vac- 
uum, and thermionic tubes. In this 
connection barium and its alloys 
are employed as “getters”, along 
with lithium, potassium, and cal- 
cium. 

Calcium — In contrast to the 
situation previously existing where 
(to all intents and purposes) the 
metal was imported, calcium is 
now an American product derived 
from calcium salts, particularly 
the chloride, by electrolytic fur- 
nace operations. Calcium contin- 
ues to find new uses (a) as a deoxidizer and 
alloving agent for non-ferrous metals such as 
copper and lead, (b) in the preparation of high 
temperature, high resistance nickel-chromium 
and nickel-chromium-iron alloys, (¢c) in_ the 
form of its hydrides as a reducing agent for the 
production of rare metals such as titanium, 
vanadium, uranium, and zirconium. <A consid- 
erable portion of the patent literature has been 
devoted to aluminum and aluminum-magne- 
sium alloys containing calcium as a modifying 
agent. 

Indium — Metallurgically, indium has been 
limited to platings and diffused platings on cad- 
mium and other alloy bearings, as an alloying 
constituent in jewelry metals, and in silver for 
imparting tarnish resistance. 

Lithium — Although there has been a large 
amount of metallurgical work done on lithium 
and its alloys, the quantity used for this purpose 
in connection with both the oxidation and alloy- 
ing is still small. Although the lithium-copper 
allovs are of considerable interest, their produc- 
tion is still on the laboratory scale. Considerable 
interest is now being shown in lithium and its 
compounds for producing non-scaling atmos- 
pheres in heat treating furnaces. 

Platinum — Of metallurgical interest has 
been the search for new applications of plati- 
num, particularly in the form of platinum clad 
nickel and steels of the corrosion resistant type. 
Such bi-metals are used in the construction of 
high grade equipment in the chemical and phar- 
maceutical industries. 

Potassium — Most of the potassium metal 
has been imported and small stocks exist. While 
many uses have been proposed, the only impor- 
lant application is in the form of pellets for use 
in vacuum tubes. 

Rhodium — Rhodium finds its principal use 
as a platinum alloying agent, which in turn is 
used as a catalytic material for ammonia oxida- 


tion, or as a plating to impart cor- 
rosion resistance. 

Ruthenium — With increasing 
prices of iridium, ruthenium has 
been used to a certain extent as a 
hardener for platinum. 

Sodium — With an annual 
production above that of magne- 
sium, sodium can hardly be called 
a minor metal any longer. Perhaps 
its metallurgical aspects are hid- 
den behind its chemical uses, 
where the metal serves as an 
essential material in the prepara- 
tion of tetra-ethyl-lead, sodium oxides and per- 
oxides, cvanides and related products. Tank-car 
shipments of the metal are now accepted as an 
everyday and usual occurrence. 

Tantalum —In the form of its cemented 
carbides, tantalum finds increasing application 
in wire drawing dies, cutting tools, and wear 
resistant parts, either alone or in combination 
with the carbides of tungsten or titanium. 
Tantalum has been gaining increasing usage as 
a material of construction for chemical appa- 
ratus, particularly as heat transfer equipment, 
in bayonet heaters, hydrochloric acid reaction 
apparatus, and as spinnerets for synthetic tex- 
tile threads and fibers. 

Tellurium and Selenium — Metallurgically, 
the major application of tellurium is as tel- 
lurium-lead, where the percentage required is 
small. There has been some use with lamps 
using liquid tellurium where a continuous 
instead of a line spectrum is desirable. Along 
with selenium, tellurium has found some appli- 
cation in copper and copper alloys to improve 
machinability. Selenium rectifiers have been 
develeped for electric power sources for plating 
tanks and other heavy duty operations. It is 
stated that they will stand high overloads with- 
out deterioration. Both metals have been used 
to a small extent as modifying agents in steels 


of the corrosion resistant type. 


Soft Solders 


OFT SOLDERS are considered to be binary 
lead-tin alloys or ternary lead-tin-antimony 
alloys, in which the tin averages about 38°: The 

binary alloys are in more extensive use. 
For the free-flowing qualities demanded by 
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the piece worker who uses soldering irons (made 
of copper) for making joints by applying the 
metal to seams, 50% tin, 50° lead solder is most 
popular. Undoubtedly this is due to the com- 
position being largely eutectic and also due to 
the nature of its “allovability” with the parts 
soldered. 

Regardless of the type of soldering, attempts 
are being made to use solders with less than the 
customary amount of tin, largely because of the 
high price of tin compared with lead. To effect 
economies by such practice, the following fac- 
tors must be considered: 

1. Strength and quality of joint. 

2. Weight of solder applied. 

3. Cost of application. 

1. Cost of solder, 

A good wiping solder may contain 40% tin 
and 60° lead. As shown by the Bell Telephone 
Laboratories, another good wiping solder con- 
tains 24% tin, 9% cadmium and 67‘ lead. 
Under certain market conditions the latter alloy 
is preferable. 

Investigations have led to the development 
of new commercial wiping and body solders 
which have improved working properties. 
Besides the use of lead and tin, small amounts 
of other elements are added to cause the semi- 
liquid solder to be more workable when applied 
on account of a finer grain size. 

In the range between 600° and 1000° F. there 
is need for inexpensive solders with appreciable 
strength and ductility but with lower melting 
points than the brazing solders. Possibly such 
solders, if found, might not be called “soft” 
solders. At the present time silver solders 
partly meet the requirement. 


Manganese of High Purity 
By K. M. Leute 


President, Electro Manganese Corp. 


THE ELECTROLYTIC METHOD of producing 

manganese metal has been advanced as one 
of the most promising processes for the utiliza- 
tion of great tonnages of low grade American 
ores, and a commercial plant is now in opera- 
tion at Knoxville, Tenn. 

Electrolytic manganese had its inception in 
work of the U.S. Bureau of Mines. The Electro 
Manganese Corp. undertook to commercialize 
this work in October 1938, and a plant designed 
to produce 5000 Ib. a day was completed in 
May 1939. The first attempts at production were 


unsuccessful, due to a failure in the translation 
of laboratory results into large scale operation. 
Within a few months these difficulties had been 
sufliciently corrected to permit the production 
of 200 to 300 Ib. per day. Operation and 
improvement have since been practically contin- 
uous, so that production is now in excess of 2000 
lb. per day and is being further augmented. 
Total production to date has been approxi- 
mately 300,000 Ib. of 99.9--°o manganese metal, 
in the form of cathode chips (broken sections of 
the brittle cathodes, +, to 14-in. thick) packed 
in 250-Ib. steel drums. This entire production 
has been consumed in an acceptable manner in 
the non-ferrous industry in the production of 
copper, nickel, zinc and aluminum alloys, as 
well as in the ferrous field of specialty alloys, 
and stainless steels and irons. 

Prices are now competitive with manganese 
metal from electrothermal or aluminothermic 
processes, while its quality definitely exceeds 
these 96 to 98° materials. 

Indications for the future are that gradually 
increasing consumption corresponding 
expansion in production will result in carbon- 
free manganese being made available to the 
steel industry for use in low carbon steels at an 
acceptable price. 

A considerable amount of study by a num- 
ber of workers and organizations has been 
directed to the use of this really new metal in 
old alloys, as well as in new alloys having man- 
ganese as an important or major constituent. 
These were discussed by R. S. Dean in Mera 
Procress of October 1939. 

Further development on the producing side 
involves large amounts of work in hydrometal- 
lurgy, electro-winning and engineering as well 
as further refinement of manufacturing proc- 
esses, all of which are reasonably to be antici- 


pated. 


Problems Connected With the 
Fabrication of Metal Parts From Powders 


N THE FIELD of molded and sintered prod- 

ucts major interest has shifted in the past 
several vears in what might be regarded as a 
revolutionary way. In the past, powder metal- 
lurgy has been almost entirely concerned with 
the making of parts difficult or impossible to 
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make in any other manner. In this new trend, 
powder metallurgy displaces established, con- 
ventional methods of manufacture. Here the 
powder method’s main claim is that it can do 
the job at a lower cost. Under these circum- 
stances it might be said that within the past few 


years the powder method has come of age and, 


having established itself as 
a sound method of fabrica- 
tion, has now begun to chal- 
lenge the older recognized 
methods on the single point 
of economy. 

The industry, including 
the powder manufacturer 
as well as the powder user, 
now finds itself confronted 
with the problem of turning 
out these new objects at a 
minimum cost and of a 
quality matching or sur- 
passing that of competitive 
processes. If the powder 
process is to invade the 
domain of these established 
and time tested methods, much work must be 
done by all parties concerned with the manufac- 
ture and utilization of the powder. Cheaper iron 
parts made from powders have already begun 
to appear, but so far they are few in number 
compared with the possibilities. 

The selling price of any metal powder is a 
factor limiting the extent to which the new 
method may successfully compete with older 
But, the price of a powder cannot be 
A cheap 


ones. 
considered apart from its quality. 
powder which does not have good molding 
characteristics simply transfers a cost burden 
from the powder manufacturer to the fabri- 
cator, forcing him to add to his final cost, since 
he must make up in some way for the short- 
comings of his raw material in order to produce 
a quality product. 

One major problem of powder metallurgy 
today is the betterment of the physical proper- 
ties of its products. Increased molding pressure 
is an obvious direction in which to turn. Presses 
would then have to be larger and more expen- 
sive. Since the type of product of which we 
speak will have to be made at high speed, the 
press manufacturer will certainly have a prob- 
lem in designing this more powerful equipment 
to turn out these pieces at no, or only a little, 
increase in cost. So, also, with the dies; these 
expensive items would be still more expensive 


if higher molding pressures shorten their life 

A further complication for iron compacts 
is that for ultimate exploitation of this low 
cost field more complicated shapes will have to 
be fabricated. This throws another major job 
on press and die makers to make both dies 
and presses capable of doing the unusual and 
difficult tasks even now 
being asked of them. Of 
course, these things will 
have to be done at costs 
which will still permit the 
pieces to be made very 
cheaply. Furnaces will also 
come in for scrutiny, as the 
sintering of iron compacts 
requires higher tempera- 
tures than those usual up to 
now. Problems incidental 
to fabrication of the alloy 
steels, when they shall 
come along, may also con- 
front the furnace manufac- 
turers with some new 
problems. 

Considering the metal powders themselves, 
if two different powders were available, one of 
which was soft and malleable, the other being 
what we know as a “hard” powder, it is obvious 
that lower molding pressures could be used with 
the softer powder than with the harder, and if 
dies also are considered, the physical character- 
istics of the powder are seen to be of great 
importance to the user. 

Finally, the powder metallurgist will have 
problems added to those he now considers wor- 
risome enough — one of the chief of these being 
the holding of dimensions within specified lim- 
its while sintering the briquette or compact. 
Commercial production of parts where maxi- 
mum physical properties are demanded has 
thus not vet arrived on the scene, and special 
problems in the ferrous field are to be antici- 
pated in this connection. 


Die Casting as a Production Aid 


By Donald L. Colwell 
Paragon Die Casting Co. 


EVERAL YEARS AGO the writer pointed out 
in this journal that the tremendous improve- 
ment in the stability of the zine alloys made die 
castings an important engineering material. 
The great increase in the use of die castings 
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(particularly zine base die castings) has empha- 
sized the growing confidence of engineering 
departments the whole country over in a method 
of volume production that offers quality with 
great economies. 

Since that article was written the total 
amount of zine used in die casting has increased 
more than four fold, and the ratio of the zine 
used in die casting to the total zine consumption 
has more than doubled. The 1941 automobiles 
and washing machines, just to mention two 
large outlets, will use more zinc die castings per 
unit than at any time in history. 

There are several reasons for the greater 
confidence in zine die castings. In the first 
place, the alloy improvement mentioned above 
has practically eliminated the old fears of 
deterioration. Finishing methods have also 
been perfected, so that the metal may be better 
protected from various unusually corrosive 
attacks. Although the zine alloys are generally 
more resistant to atmospheric corrosion than 
ordinary iron or steel, they have often been 
electroplated for appearance’s sake. Both the 


methods of plating and specifications for the 


plate have been markedly improved during 
the past year or two. The American Society for 
Testing Materials now has a specification for the 
electroplating of die castings under considera- 
tion, and when this is publicized even further 
improvement is to be expected. The producers 
of synthetic plastic finishes have also improved 
their products, and there are now available 
finishes of attractive colors which are remark- 
ably resistant to alkaline and other corrosion 
as well as to abrasion. 

Aluminum die castings have for years been 
produced on gooseneck machines where pres- 


sures are limited to a maximum of about 600 
psi. and where the iron gooseneck is prone to 
contaminate the alloy. With good practice and 
accurate temperature control, aluminum alloys 
would pick up about 0.3° iron each time they 
were melted. Due to the proportion of gate and 
sprue and to rejected castings it is often neces- 
sary to melt three pounds for every pound 
shipped, which would make a total iron pickup 
of almost 1°¢. However, with the newer “cold 
chamber machines” the metal is not in contact 
with iron except momentarily as it is cast, and 
the iron pickup is nil. Higher pressures can 
also be used, and many castings are now pro- 
duced at operating pressures of several thousand 
pounds per square inch. In principle these 
machines are identical with those used for the 
injection molding of thermoplastics; in the lat- 
ter, however, the pressures are commonly much 
higher and the temperatures much lower. Cold 
chamber machines are so far superior to the 
gooseneck machine for most castings that new 
machine equipment is now usually of the cold 
chamber type. 

Both magnesium alloys and copper base 
alloys are best cast in the same variety of cold 
chamber machine. Its original development 
was for the casting of the yellow brasses and 
other copper base alloys, and its adaptation to 
aluminum, magnesium and thermoplastics was 
natural, The tail is now wagging the dog, how- 
ever, as the current production of cellulose 
acetate and other thermoplastics is, on a volume 
basis, greatly in excess of that of any of the 
metals, and the cold chamber casting of alu- 
minum is in greater volume than that of mag- 
nesium and brass. With the present demand 
for aircraft, die casting of a very considerable 
amount of the magnesium base alloys is under 
way. The magnesium alloys suitable for this 
purpose are about one third lighter than the 
aluminum alloys, and in the die cast form their 
mechanical properties are of the same order; 
where weight is all-important, therefore, the 
magnesium alloys find extensive use. 

Regardless of materials, the commercial die 
casters today are producing castings with thin- 
ner walls, closer tolerances, and superior finishes 
than would have been thought possible a few 
vears ago. The stricter demands of customers’ 
engineering departments have kept the pro- 
ducers on their toes, and the outcome has been 
measurable improvements in quality and a 
wider use of this economical method of produc- 
ing quantities of interchangeable parts. 
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Aluminum and Its Alloys 
By T. W. Bossert 


Asst. Chief Metallurgist, Fabricating Division 
Aluminum Co. of America 


N ANTICIPATION of the growing demand of 

American industry for aluminum and alumi- 
num alloys, appropriations totaling more than 
$50,000,000 have been made since 1937, by pro- 
ducers in this country, for the expansion of 
plants and facilities for the production and 
fabrication of aluminum and its alloys. Out- 
standing in the past vear has been the construc- 
tion of a new metal producing plant at 
Vancouver, Wash., which will use electric 
power supplied by the U. S. Government's 
Bonneville power project on the Columbia 
River. Several additional power dams are now 
under construction in the region of the Great 
Smoky Mountains to furnish electric power for 
additional production of aluminum 
in the southeastern states. 

Facilities for the manufacture of 
fabricated products of aluminum and 
aluminum alloys such as sheet, tub- 
ing and extruded shapes, have been 
further expanded by additions to 
present plants, and by construction 
of new plants —— as, for example, the 
new extrusion plant in the Los Ange- 
les area. 

The timeliness of the entire 
expansion program with respect to 
the present world situation has 


placed the industry in good position 
» 
to meet the growing demands of the a: 
- 


national defense program. 

A survey of trends in the alumi- 
num industry over the past two 
decades reveals the fact that the pre- 
ponderant tonnage of metal today goes into 
engineering applications requiring the use of 
alloys heat treated to produce high strength, 
whereas in the early 1920’s most of the metal 
was used for applications requiring low or 
medium strength. Important factors this 
change have, of course, been the development 
of new alloys by research, and the realization, 
by users, of the tremendous advantages of the 
light weight of this metal, combined with uni- 
form strength and reliability. 

During 1940, two reductions in the price of 
ingot aluminum, each for le per tb. were 
announced. These reductions have decreased 
the price of aluminum ingot 10°, and are par- 


ticularly significant in view of the fact that they 
were made in a period of rising demand and 
rising labor costs. 

Development of a new high strength alloy 
for aircraft propellers was completed in 1939. 
The advantages resulting from the use of this 
alloy in propellers are of particular importance 
to transport planes, large flying boats and to 
aircraft for the national defense program. 

Installation of the world’s most powerful 
testing machine, in the Aluminum Research 
Laboratories at New Kensington, Pa.. was com- 
pleted early this vear. This machine is capable 
of exerting a force of 3,000,000 Ib. in compres- 
sion, or 1,000,000 Ib. in tension, at a head speed 
of $6 in. per min. It will be used primarily for 
research in metal working by extrusion, forging, 
pressing and drawing, but it is also intended for 
employment as a universal testing machine for 


large shapes and fabricated assemblages. 


wmetal Sales Manager, Dow Chemical € 


ETALLURGISTS and metal men of the 

future will undoubtedly look back at 19140 
as the vear that magnesium took its real place 
as a structural metal in the industrial and man- 
ufacturing life of this country. Almost over 
night it has come to the front as an extremely 
necessary and useful material of construction 
where lightness is needed. 

To meet this rapid increase in demand, pro- 
duction of magnesium was doubled early in 
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Properties of Commercial Copper 
From “The Commercially Important Wrought Copper Alloys,” by Chase Brass & Copper Co. 
Chemical and Physical Properties 
COEFFICIENT 
or THERMAL ELECTRICAL PHERMAL 
DENSITY; MELTING | Expansion; |Conpuctivity; CONPUCTIVITS 
NAMI COMPOSITION Lr. PER Cu. r; % 1.A.C.S. Ca. So. Cm. 
IN. F. 25° C. To (ANNEALED) /©™-/SEC./°C, | 
300° C. AT 20°C. 
Electrolytic 
tough pitch copper = Oxygen about 0.046, 0.323 1980 17.7x10° 101% 0.94 
Oxygen-free copper Substantially pure copper 0.323 1980 17.7x10" 101% 0.94 
High conductivity 
phosphorized copper | Phosphorus about 0.007% 0.323 1980 17.7x10" 101% 0.94 
Low conductivity 
phosphorized copper Phosphorus about 0.02°¢, 0.323 1980 17.7x10" 80 to 90% 0.77 to 0.85 
Arsenical copper Arsenic about 0.25% 0.323 1980 17.7x10" 45 to 80% 0.46 to 0.73 
Tellurium copper 
Type A Tellurium about 0.5% 0.323 1980 18 x10" 98% 0.92 
Type B (hardened) Tellurium 0.5, nickel 1.0, 0.323 1900 18 x10" 60% 0.62 
phosphorus 0.2% 
Fabrication Properties 
SUITABILITY ATURE ron Beinc WELDED MACHINABILITY 
NAME ror BEING WorkKED For Hor 
WORKING; CARBON | METAL | REsIst- TYPE 
Hor oF, Gas Arc Arc ance |RATING*) 
Electrolytic 
tough pitch copper Excellent | Excellent 1400-1600 Poor Fair Good Poor 20) Long 
Oxygen-free copper Excellent | Excellent 1400-1600 Fair Good Good Poor 20) Long 
High conductivity 
phosphorized copper Excellent Excellent 1400-1600 Fair Good Good Poor 20) Long 
Low conductivity 
phosphorized copper Excellent Excellent 1400-1600 Fair Good Good Poor 20 Long 
Arsenical copper Excellent Excellent 1400-1600 Fair Good Good Fair 20 long 
Tellurium copper 
Type A Excellent Excellent 1400-1600 Fair Fair Fair Poor 100 Short 
Type B Excellent Excellent 1400-1600 Fair Fair Fair Fair 100 Short 
“Free cutting brass 100. 
Average Hardness and Tensile Properties of the Seven Types of Copper 
Figures are average and not to be used for specification purposes. 
YIELD 
HARDNESS AT 12% ELONGATION SHEAR 
(ARAIN orn TEMPER STRENGTH; ELONGATION IN 2 % STRENGTH; 
Hear TREATMENT Pst. Unpen STReEss: Pst. 
F B Pst. 
0.040-in. sheet; 0.015 mm.; anneal 15 35,000 10,000 10) 24,000 
0.040-in. sheet; 0.030 mm.; anneal 10 32,000 10,000 15 23,000 
0.040-in. sheet; hard 90 re 51,000 15,000 10 28,000 
0.040-in, sheet; spring 95 - 57,000 53,000 6 29,000 
1 x 0.049-in. tube; 0.030 mm.; anneal 10 7 32.000 10,000 15 23,000 
1x 0.049-in, tube; hard V0) 50,000 45,000 12 28,000 
No. 12 B.&S. wire (0.081 in.) ; 0.030 mm.; 
anneal 32,000 10,000 24,000 
No. 12 B.&S. wire; hard 7 - 60,000 99,000 30,000 
l-in. rod; hard (Type B tellurium 
copper only) 76 70.000 47.000 18 45,000 
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1940 and will again be doubled by January, 
1941, thus giving the United States a total pro- 
duction capacity of approximately 25,000,000 Ib. 
of magnesium metal per year. 

This demand has been accelerated by the 
great increase in aircraft building, but it is sig- 
nificant that the increased volume of magne- 
sium has come about more by the greater use of 
magnesium per plane than by the greater num- 
ber of airplanes built. Other industries have 
been quick to follow this lead in the wider use 
of magnesium, particularly in the manufacture 
of business machines, textile machinery, and 
transportation. 

These larger uses have added great impetus 
to research and development, particularly 
along the lines of better alloys and improved 
fabrication processes. It has also brought many 
more fabricators of magnesium alloys into the 
field; it is estimated that approximately 20 com- 
panies are now producing magnesium alloy 
sand castings or die castings. The greatest 
volume of magnesium alloys continue to be sold 
in the form of sand castings, but die casting is 
a close second. Magnesium alloy extrusions and 
sheet are also of great interest, and we predict 
that in the very near future magnesium alloys 
in these two forms will be used in large quanti- 
ties in aircraft for the construction of such vital 
parts as fuselages and wings. The use of mag- 
nesium alloy forgings is just beginning to 
receive attention and much progress may be 
expected as this field is explored. 


The Copper Industry 


— Casting Problems — Oxygen-Free Copper — 
Electro-Formed Sheet 


DITOR’S Note Three very triendly and com- 

petent but also very busy men, metallurgists 
for three of the large copper and brass companies, 
were asked in succession to write something about 
interesting things happening in their industry, but 
each begged off. Rather than leave the impression 
that things are stagnating, THe Eprror appends 
three “Critical Points”, written months ago, about 
things which to him at least were stimulating. 


inspecting the machinery at Inter- 

national Smelting & Refining Co. in Perth 
Amboy, N. J.. was convinced that a page in the 
March (anniversary) issue might properly have 
been devoted to copper billets, as they were cast 
in 1915 and as they are cast in 1910. Pre-war 
recollections are of an endless chain of work- 


men, each carrying a hand ladle of copper from 
furnace to mold. Or, if the molds were set on 
a merry-go-round or “wheel”, they were merely 
open-topped depressions in heavy metal slabs, 
filled by a stream from the furnace. The cop- 
per itself was carefully “poled” so the correct 
amount of gas would separate in a multitude 
of tiny cavities during solidification to compen- 
sate for the natural shrinkage and form billets, 
bars or slabs of crinkly but relatively flat upper 
surface. Such “tough pitch copper” corre- 

sponds to “rimming steel” in 


automatic soundness and economic justi- 
casting of fication .... Vernon 
gas-free mechanical superintendent of 


the Raritan Copper Works, 
showed me the 1940 way. Water- 
cooled molds for round billets in pairs, of 
welded steel, are set vertically around the cir- 


copper 


cumference of a casting wheel and closed at the 
bottom with a hinged copper slab. Prior to 
casting each mold is blown out, polished with 
motor driven brushes, swabbed with oil, and a 
double-spouted basin set on top. Refined cop- 
per flows continually into a tilting pouring 
ladle and two of the double molds are poured 
simultaneously during a single pause of the 
casting wheel. After each tilt a measured 
amount of phosphorus is put into the pouring 
basin to deoxidize the metal coming into it for 
the next pour. The metal then is “killed” with 
a slight excess of phosphorus; it evolves no gas 
on solidifying, but it does pipe. This pipe is 
minimized only by a slow pouring rate — hence 
the plan of pouring four billets simultaneously. 
Its superior physical properties over the tough 
pitch copper have made it the standard metal 
for tubing, and these round billets must have 
a surface so good as to require no scalping; the 
piped end merely is cut off before going to the 
piercers. MacDones said the same equipment 
is used for the vertical casting of wire bars. 
Large rectangular slabs so cast are cut in odd 
sized cakes, to order; sheet and plate rolled 
from deoxidized copper are free from segre 
gated cuprous oxide cutectic, which sometimes 
splotches the finished surface of products rolled 


from tough pitch copper cast in open-top cakes 


ISCUSSED with STANISLAUS SKOWRONSKI, 
research engineer at the Raritan refinery, 
the problem of purity and conductivity of cop- 
per. He emphasized the fact that it was purity 
of the copper crystal (or the solid) solution 


called “copper” by the metallographer) that is 
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responsible for high conductivity. Cathode 
crystals, from the refining tanks, are regularly 
99.997 copper, and have a conductivity of 102 
to 102.4°° of the international standard. These 
cathode crystals are usually melted and cast 
into billets, bars or slabs, but what with the 
growth of powder metallurgy they can be 
deposited or broken fairly 
fine, washed free of electro- 
lyte, pressed into slugs, sin- 
tered in a reducing and 
desulphurizing atmosphere, 
extruded into rod and drawn 
into wire. In fact, this is now 
being done commercially by 
the Phelps Dodge Copper 
Products Corp., and the prod- 
uct is exploited as a_ really 
oxygen-free, high purity, high 
conductivity wire, which by 
virtue of its extrusion and 
cold drawing is free from sur- 
face slivers arising in the roll- 
ing mill..... Cathode crystals, 
melted by flame, acquire much oxygen. As is 
well known, this is reduced by poling to the 
correct amount and in the solid copper the 
remainder exists as a copper, copper oxide 
eutectic at the grain boundaries, not so large in 
extent but that the conductivity can still be 
101‘, or more. However, the physical proper- 
ties are lowered, especially after annealing in 
a protective atmosphere as is becoming more 
and more common. Hence 

three kinds the need of “oxygen-free” 
of “oxygen- copper, first offered by United 
free’ copper States Metals Refining Co. in 
1932, and now sold by the mil- 

lions of pounds monthly. Stoney Roiie, who 
has been in charge of technical matters in this 
connection since the beginning, tells me _ that 
cathodes melted in an electric furnace under 
charcoal acquire no oxygen and can be cast 
oxygen-free by enclosing the spouts and runners 
and casting into gas-filled molds. Power rates 
being what they have been at the refinery in 
Cartaret, N. J., it has been more economical to 
melt continuously in a fuel-fired reverberatory 
furnace, keep the oxygen down by poling, elimi- 
nate the last traces by running the hot copper 
through a box of incandescent charcoal, then 
hold this deoxidized copper under charcoal pro- 
ducer gas (30° CO, 70 ina “pour hearth”. 
This last is a_ ceylindrical rocking furnace 
wherein the copper is heated by induced cur- 


rents and held within close temperature limits: 
the pour hearth is tilted to fill the gas-filled 
molds. ... . ALBERT PHILLIPS, superintendent of 
the research department of American Smelting 
and Refining Co., also tells me his firm makes a 
third variety of high conductivity, low oxygen 
copper by transferring carefully refined and 
poled copper to a ten-ton 
holding furnace in which it is 
held under charcoal and there 
deoxidized with phosphorus. 
The phosphorus possibly cat- 
alyzes the reaction between 
carbon and copper oxide for 
less is added than is needed 
to satisfy the oxygen; a little 
residual actually remains to 
protect the copper during 
casting. It is rather a delicate 
matter to adjust everything so 
the wire bars, as-cast, are 
sound and have a good sur- 
face in addition to good con- 
ductivity and annealing 
properties (neither an excess of phosphorus nor 
any discoverable cuprous oxide). 


_ the Raritan Copper Works in Perth 

Amboy primarily to inspect the depart- 
ment for making thin copper sheet by con- 
tinuous electrodeposition on a rotating drum. 
Fight machines make heavier sheet weighing 1 
to 2 oz. per sq.ft. 64 in. wide and a half-mile 
long; six narrower machines are for 30-in. 
sheet, sometimes so thin as to weigh ) oz. 
(Sheet weighing !. oz. has been made experi- 
mentally for electrical condenser leaves. This 
is about 0.00017 in. thin — it would take five of 
them to be as thick as toilet tissue.) Electro- 
lyte, already conditioned, is drawn from the 
main tank room of the copper refinery, and 
passed rapidly through the machines in series, 
so the copper content is depleted very little 
before its return. The continuously polished 
drums, about 85-in. diameter, are less than half 
submerged, and pass within *4 in. of accurately 
conforming anodes of the 
same insoluble lead-anti- 
mony alloy. Within this 
curved passageway the 


electro-formed 
copper sheet 


electrolyte is stirred by air jets, and copper is 
deposited at a uniform rate, so that the sheet’s 
thickness is quite uniform and easily controlled 
by the speed of the drum. Electro-formed 
sheet, still adhering to the drum, is wiped free 
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of electrolyte by a rubber squeegee, then 
washed by water sprays, then led back away 
from the drum to a coiler. It lifts off freely. 
One side of the sheet is smooth, the other side 
is mossy crystalline —a fact of advantage for 
it gives the sheet a good “tooth” when cement- 
ing to building paper or asphaltic fabric. This 
is the largest use; 2-0z. sheet (about the thick- 
ness of writing paper) so backed up has devel- 
oped important new outlets for 
copper in the form of moisture- 
proof building paper, flashings, 
and seamless pans under bath- 
room floors. Rolled sheet cannot 
serve these purposes because of 
limitations of width thick- 
ness; likewise the superior phys- 
ical properties of rolled sheet are 
not necessary. Harry Macan, 
departmental superintendent, 
said the success of the opera- 
tion depended on the ability to prevent the 
deposition of any copper at the very edge of the 
drum; when this was uncontrolled the sheet 
would grow around the end, locking it so it 
could not be peeled off. Success finally fol- 
lowed the placement of glass partitions close 
to the ends of the drums so the circulating elec- 
trolvte outside could be separated from. stag- 
nant electrolyte inside the drum by a rubber 
rope. Auxiliary electrodes of copper sheet 
were placed inside close to the glass plate and 
maintained at a potential enough lower than 
the drum so that any copper that might deposit 
at or near the edge would be speedily deplated 
to this auxiliary anode. . . . . Despite Macan’s 
statement, this observer would say that success 
of the whole operation depends on the com- 
bined knowledge and experience of the staff 
and the resources of one of the world’s leading 
refineries. 


Beryllium and Beryllium Copper 
By Louis L. Stott 


Sales Manager, The Beryllium Corp. of Pa. 


PRODUCTION of beryllium has followed a 

steady upward trend, and this element 
appears destined to become one of the impor- 
tant alloving ingredients in the non-ferrous 
field. Most of the metal is now produced as a 
master alloy with copper, containing approxi- 
mately 4‘ beryllium. This material, made by 
thermic reduction of beryllium oxide in the 


presence of copper, is much more economical to 
make than by any known process of produc- 
ing pure beryllium and then re-alloying. Beryl- 
lium metal continues to be produced by high 
temperature electrolysis of beryllium chloride; 
only relatively small quantities are consumed, 
largely due to the present price of approni- 
mately $45 per Ib. The master beryllium-cop 
per alloy is, however, currently sold at Slo per 
Ib. of contained beryllium, with 
the copper content at market, 
Wrought berviliam-copper 
allovs now range beryilium 
contents from appront- 
mately 2','.; the best known and 
the one longest on the market 
contains approximately 2 to 
Although this was originally sup- 


plied as a binary alloy, it) has 


tages follow the addition of other 
metals. For example, 0.25%, cobalt) has 
improved the uniformity of properties, and the 
ease of precipitation hardening, as well as per- 
mitting the beryllium content to be reduced to 
1.8’. without loss of the properties obtainable 
by heat treatment. Since this 1.8%. alloy can be 
more readily homogenized during production 
anneals, and thereby stand heavier cold reduc- 
lions, it seems probable that this slightly lower 
alloy may supplant the older alloy. Another 
bervilium-copper alloy which has appeared on 
the market contains approximately 0.5'°) beryl- 
lium, 2.6%. cobalt, and balance copper. Still 
another is of the chromium-copper type, con- 
taining approximately 0.1% bervilium, 0.3°, 
chromium, balance copper. These latter two 
materials are primarily high conductivity allows 
(conductivity approximately 50% and 70% that 
of copper, respectively) with excellent strength 
and hardness. 

Springs comprise the principal use for beryl- 
lium-copper alloys strip and wire form. 
They have certain unique and useful purposes, 
for both flat and helical springs where stability 
of spring pressure or constant deflection is 
required, such as in aviation instruments and 
control instruments of all kinds, where springs 
must be calibrated to extreme accuracy. It has 
been suggested that the very low “elastic drift” 
results from the circumstance that the tempera- 
ture for relief of stresses is about the same as 
that required for precipitation hardening. 

The capacity of beryvilium-copper alloys to 
be heat treated after being severely cold worked 
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in a relatively soft’ temper has 
opened up interesting possibili- 
ties in design. In the automotive 
field, for example, small solder- 
less connectors are used in the 
lighting system, wherein a one- 
piece spring clamp is formed and 
heat treated from strip in such a 
way that a vibration resistant 
joint is made without the neces- 
sity of soldering. Another inter- 
esting advantage is the ability to 
silver solder bervilium copper 


and subsequently heat treat it to 
obtain high spring properties. A 
number of temperature control 
devices of the capsule type for 
the refrigerator and automotive 
field, made from silver soldered 
beryllium-copper diaphragms, 
have recently appeared. 

One of the prominent aviation 
engine builders reports that 2° 
beryllium copper is used for tap- 
pet roller bearings and counter- 
weight bushings. In the former 


Is the _ Ideal COPPER 


For All Purposes 


@ High conductivity and high 
purity. 


@ High density and freedom from 
casting defects. 


Bar-to-bar uniformity. 


Reducing gases do not embrit- 
tle it. 


@ Versatile workability. 


THE SCOMET ENGINEERING CO. 


420 Lexington Avenue 


New York, N.Y. 
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case extremely high bearing 
pressures, estimated at between 
15,000 and 20,000 psi. are being 
successfully withstood. 
Beryllium-copper castings 
have lagged behind. Early exper- 
iments had indicated non-uni- 
form hardenability, and =a 
tendency to crack during the 
quench. Additions of 0.5 to 1% 
of metals of the iron group have 
corrected these unsatisfactory 
qualities. Small silicon additions 
to such alloys have also proved 
beneficial. One very interesting 
sand casting alloy) contains 
approximately 1.79° beryllium, 
cobalt, 0.8° silicon, bal- 
ance copper, and can be heat 
treated to a range of properties 
between 117,000) psi. ultimate 
with 10° elongation in 2 in., to 
150,000 psi. and 3° elongation. 
Beryllium-copper alloys 
have been cast in molds of plas- 
ter of paris and asbestos, antici- 
pating that some intricately 
shaped steel parts expensive to 
machine could be replaced eco- 
nomically by casting beryllium 
copper to close dimensions and 
then heat treating. Small parts 


cast from an alloy containing 
2.79%" beryllium, 0.5° cobalt, 
and balance copper, have been 


heat treated to hardnesses on the 
order of Rockwell C-47, and have 
shown very favorable wear resist- 
ing characteristics in comparison 
with the steel parts substituted. 
Sand castings of the alloy 
0.9° beryllium, 2.6°° cobalt, bal- 
ance copper, are attractive to the 
electrical industry because of a 
combination of yield point and 


electrical conductivity. heat 
treated sand casting of this 
analysis will show a 0.2% yield 
point of approximately 80,000 


psi. and conductivity between 45 
and 50°. Jaws of cutdoor dis- 
connect switches can cast 
from it, relying on the spring 
properties of the casting to sup- 
ply the necessary contact  pres- 
sure, thus eliminating steel 
backing-up springs. 

In view of the Army and 
Navy interest in high quality 
materials, beryllium copper is 
being specified for a growing 
number of military purposes. It 
seems probable that the defense 
program should give a consider- 
able impetus to its use. 
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FORGINGS FOR DEFENSE 


In the form of Rods, Forgings, Die Cast- — 
ings and Welding Rods. For 25 years our 
efforts have been devoted to improving 
these products metallurgically, and to ren- 
dering prompt service to users over a wide © 
area. 


As this country’s industry swings into pro- ; 
duction for preparedness—just remember ; 
that Titan is ready to serve you now 


and later. 


FOR REGULAR INDUSTRIAL USE 


TITAN METAL MANUFACTURING CO. 


BELLEFONTE, PA. 
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The carburizing boxes, pic- 


tured below, bring cash sav- 

ings to heat treaters. These 
boxes are fabricated from Ye" 
Inconel* sheets. Lighter boxes 
transfer heat quicker, reduce fuel 
consumption, step up production 

and furnace efficiency. Inconel 

sheets are a very practical solution 
of this materials problem, Inconel, a 
high niekel-chromium alloy, retains 


a high proportion of its strength and 


toughness at elevated temperatures. 


HIGH TEMPERATURE APPLICA- 
TIONS analyzed and pictured in a re- 
cently printed Bulletin, C-8. For latest 
facts on “High Temperature Uses of 
Monel, Nickel and Inconel”, please 


mail your request to the address below. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Inconel has excellent resistance to oxidation under 67 Wall Street New York, N.Y. 
high heat...Carburizing boxes made from Inconel sheet Inconel" 1s a registered trade-mark of The 
= P International Nickel Company, Inc which is 
are easy to shape and weld...that is the experience of the applied to a nickel alloy containing approxi- 
mately 80 Nickel with additions of chro- 


and iron. 


Michigan Steel Casting Company, Detroit, producers of 


more than two thousand Inconel carburizing boxes. Welded 

joints stay strong and gas-tight at furnace temperatures | N C 0 f\ F L 
when made with Inconel rods. Finally, after long service 

life, tough Inconel containers offer snother cash saving by 


bringing higher scrap prices. 
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MAKES 
FLEXIBLE EQUIPMENT 
EASIER TO OPERATE! 


The Fisher Wall-Mounted Dental X-Ray Apparatus 
is designed with flexible extension arms so that it can 


be instantly adjusted to any position. 


These arms are made of DOWMETAL”, which is an 
alloy of Mg (magnesium)—a metal that is a full 
third lighter than any other in common use. In thus 
eliminating useless weight the designers attained a 
maximum ease of operation—an advantage highly 


desirable in dental work. 


This is just one more example of the wide-spread 
acceptance of DOWMETAL Magnesium Alloys for 
varied applications. Amazing lightness, together with 
exceptional durability and toughness, make magne- 


sium (Mg) the most useful of all structural metals. 


ALLOYS 


MAGNESIUM 


LIGHTEST OF ALL STRUCTURAL METALS 


The flexible extension arms of this Pisher Dental X-Ray Apparatus are 
made of DOW METAL Sand Castings by Hills-MceCanna Co. They 


eliminate weight and assure ease of adjustment. 


DOW METAL Magnesium Alloys are available in sand, 
die and permanent mold castings, forgings, sheet, 
strip, plate, bars, tubes, structural and special extruded 


shapes. Write for any information desired. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


Branch Sales Ofiicess New York City, St. Louis, Chicago, 
San Francisco, Los Angeles, Seattle 


*Trade Mark Keg, t Pat. oof, 
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{lcoa Aluminum die castings (13 on this contactor) have proved their dependability on many 
moving and fixed parts in contactors built by The Electric Controller & Mfg. Co. of Cleveland. 


No delicate materials can be used here. If you've for lightning responses to demands of modern. 

ever listened to electrical contactors slamming quick-operating machinery. 

shut. you know the repeated shocks and beat- Steel inserts are cast integrally with the 

ings their parts must take. Aluminum for contactor arms that must 
On ECAM magnetic contactors, moving respond to magnetic pull. Threaded brass inserts 

parts are Alcoa die castings made of strong are included in the same way. So accurate 


\luminum Alloys. These die castings not only are these die castings. that very little finishing 


have adequate strength, endurance and electrical is required, 
conductivity. but their light) weight provides Company or America, 2101 Gulf 


the low moment of inertia that is so important Building. Pittsburgh, Pennsylvania. 


IT 1S NEVER COSTLY TO USE ALCOA ALUMINUM RIGHT 
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WHAT “BUILT TO BAUSCH & LOM: 
QUALITY STANDARDS” 


4 


Aone the Bausch & Lomb 
Precision Optical Instruments a 
on display at the Metal Show, cee 
you will find the latest develop- . ) 
ments in optical instruments for ee 
the metal industry at BoothC-14. aan 
These instruments are built 
to Bausch & Lomb quality stand- 
ards—which means that all of 
the skill and experience of over 


83 years of manufacturing op- 
tical equipment are built into 
them. Vast amounts of time, 
money and effort have been 
expended upon their develop- - 
ment and perfection that you 

may use them with utmost confidence to aid in solving 


your problems in research and control. 


If, by any chance, you are unable to attend the show, AT BOOTH C-14 
write to Bausch & Lomb, briefly outlining your prob- at the Metal Show, you 
lems. Bausch & Lomb Optical Co., 638 St. Paul St., 
Rochester, N. Y. METALLOGRAPHY 


ROUTINE CONTROL 
PRECISION MEASUREMENTS 
INSPECTION 


BAUSCH & LOMB TESTING 


OPTICAL COMPAN Y PRECISION JIG WORK 
SETUPS 
LAYOUT WORK 
est. a 1853 FINISH EXAMINATIONS 
FOR YOUR EYES, INSIST ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH 
& LOMB GLASS TO BAUSCH & LOMB HIGH STANDARDS OF PRECISION 
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Pyrometry 
Especially of Molten Steel 


HE LOGICAL SOURCES of information for 

this section were so expertly milked by the 
Temperature Symposium of less than a vear 
ago (reported by Joun S. Mansi in last Decem- 
ber’s issue) that the Eprrok is now forced to use 
a few notes compiled by a mere onlooker, This 
obviously precludes startling disclosures. How- 
ever, accomplishments of pyrometrists working 
in the difficult range of steel-making tempera- 
tures have not been publicized to their war- 
rantable extent, and those able to tell all have 
shown some reluctance to do so — for reasons 
that include the fact that perfection has hardly 
been achieved. Consequently, a few hints on 
what they are doing may be of interest. 

Many openhearth furnaces are now 
equipped with devices for measurement and 
control of temperature and combustion, but 
there is no agreement vel among operators on 
the best way of measuring bath temperatures. 
The ubiquitous optical pyrometer has been pro- 
nounced not invariably good for the purpose, 
and several alternate tests have been devised, 
but all are wanting in one respect or another. 

For example, in the “spoon test™ a sample 
of steel is dipped into a well-slagged spoon, then 
poured oul slowly. The amount of frozen resi- 
due is supposed to indicate the bath tempera- 
ture, but the indication is necessarily crude. A 
reliable practical method in competent hands is 
known as the “rod test”. In this, a steel rod is 
immersed and moved about slowly; by due con- 
sideration of immersion time and slag viscosity, 
as well as the form of the “cut” end of the rod, 
the operator deduces the bath temperature. If 
steel builds up on the rod, the bath is “very 
cold”; if the rod melts off to a long point, it is 
“cold”; if the cut is square, it is “hot”, and if the 
cut is square or concave and if there are nicks 


in the slag region, the bath is “very hot”. These 


degrees of thermal intensity doubtless seem very 


Instruments 


imprecise to what may be called the Type A 
virtuoso, but they are adequate in their way, 

In the “rod-boil test” an optical pyrometer 
is sighted on metal exposed by the boiling action 
of an immersed steel rod. The principal trouble 
here is that the boil is not violent enough to 
expose metal through openhearth slags of desir- 
able viscosity, 

Thermocouples have not been neglected, of 
course; the Frrrenen graphite vs. silicon carbide 
junction has been praised and damned. Pre- 
cious-metal couples have been adapted to the 
rigors of steel-making service in England, and 
high-melting metals such as tungsten and 
molybdenum have been proposed, although the 
response to date is less than overwhelming. 
Stull another method — and one eliciting con- 
siderable interest and argument among. steel- 
men-—is that of the CoLumNs-OseLanp tube in 
which a steel tube having a glass window at one 
end is inserted into the bath; air blown through 
the tube maintains a clean surface on the steel, 
which is used for sighting by means of an opti- 
cal pyrometer. Apparent emissivity is altered 
by the process, and special calibration is neces- 
sary. Recent experiences indicate that this is 
not an insuperable difficulty, and it is said that 
even melting crews will take the outfit seriously. 

Before leaving these variegated tests of 
steel-bath temperature, a device noteworthy for 
its lack of personal equation, otherwise known 
as the “equalization method” of Lansen and 
SHENK, should be mentioned. A roof-control 
(photo-electric) pyrometer is sighted the 
openhearth roof and another of the same type 
is aimed at the slag. When the flame is shut 
off during the late stage of the heat, the tem- 
perature is equalized rapidly by radiation, and 
roof, slag, and steel come to thermal equilib- 
rium; this is indicated by null readings of the 
two pyvrometers connected in opposition, 

This does not complete the list of techniques 
in use, but those described are sufliciently 
indicative of what the steel-plant) pyrometrist 


has to cope with. If there is a trend to be noted, 
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it is probably in the direction of instruments 
making use of photo-electric tubes. In this con- 
nection, it may be mentioned that a two-color 
optical pyrometer was described recently, based 
on the supposition that the ratio of intensities 
of two radiations of different wave length pro- 
vides a direct measure of temperature. The 
instrument itself contains an inclined semi- 
transparent gold mirror which transmits green 
light and reflects red light; these components 
are collected by photo tubes, then amplified for 
intensitv-ratio measurement. How many prob- 
lems this device will solve remains to be seen. 

In other fields of temperature measurement 
things seem to be about as they were a vear ago. 
Air temperature is) still pretty determinable 
from number of cricket chirps per minute, or 
from the rate of egress of bees from the hive; 
computed stellar temperatures continue to 
range high in the thousands; and clinical ther- 
mometers go on despite the invention of sulf- 
anilamide and its derivatives. 

In conclusion, it is clear that the good old 
days are gone forever, when a thermocouple 
connected to a simple millivoltmeter gave all 
the information thought possible or neces- 
sary. The modern experimental pyrometrist 
not only dissects his temperature problems with 
complicated mathematical apparatus but also 
makes use of equally complicated electron 
tubes and electrical networks in their determi- 
nation and control, The existence of tempera- 
ture is exceedingly important to industry, and 
pyrometrists are doing their best to keep it 


under control, 


Machinery for Mechanical Testing 


By Francis G. Tatnal! 
Testing Machine Dept 
Baldwin Southwark Div. of the Baldwin Locomotive Work 


ATIGUE TESTING has been in the forefront 
during the past vear. In fatigue testing the 
important things are accurate control of fre- 
queney and amplitude; it must also be possible 
to shift the stress range so that the operation 
may be from maximum tension to maximum 
compression in each cycle along a sine curve, 
or from zero to anywhere in the tension range 
or anywhere in the compression range in each 
evele. Further, it must be possible to apply a 
dead load and superimpose a sine form of live 
load upon it. 
There are three outstanding methods of 


doing this. First is the electro-dynamic o 
induced vibration (at or near resonance) }y 
electro-magnets with a special amplitude contro! 
such as the Rayfilex method. Second is mechani 
cally induced vibration, at or near resonanc 
by a pair of eccentric weights revolving in oppo 
site directions, such as in the Bernhard mechani 
cal oscillator. Finally is the forced vibration 
method by means of motor-driven eccentrics 
providing (a) repeated tension-compression as 
the Templin fatigue machine, or (b) repeated 
torsion as the H. F. Moore machine. Either of 
these provides easy adjustment in’ various 
regions above or below the zero line. 

The small size Templin machines (tension- 
compression) are popular with aircraft engine 
manufacturers. The large size machines have 
been doing important work on structures and 


large joints, notably by Witson at the Univer- 
sity of and by at New Kensing- 
ton. One such machine soon to be seen will 
test structures of size exceeding Ix7xl4 ft. Con- 
stant stress testing is preferred to constant strain 
testing in many services. 

In the static testing of structures or struc- 
tural models, the Beggs hydraulic load main- 
tainer, operating in conjunction with a system 
of packless hydraulic jacks, has been used in a 
number of instances in the last vear as a com- 
mercial method (principally applied to  air- 
craft). 

While developing static and dynamic 
stresses by these various means, the accurate 
determination of strains becomes important. 
Many methods are now known but one of pecu- 
liar interest has been offered during the past 
vear. This is the wire resistance strain gage 
and strain rosette known as “SR-1. This makes 
novel use of the effect of strain in changing the 
electrical resistance of metallic conductors, but 
differs radically from past methods in that the 


Vetal Progress: Page 550 


di | 
hap) 
- 
| 
| 
| 
AG 
i 
| 
(pet 
| 
Wiles 
Hole 4 


metallic filament is cemented 
to a carrier, such as paper, 
and this in turn cemented to 
the part under test so that it 
becomes an actual part of the 
member. In this way, it is 
possible to reduce effects of 
temperature and hysteresis so 
that strain may be measured 
dependably to better than one 
millionth of an inch in a 
one-inch gage length, or in 
dynamic work at frequencies 
of over 30,000 evcles per sec- 
ond. This is of an advantage, especially in 
measuring stresses in gun barrels and in parts 
of artillery mounts. 

The strain gage is so small it can be put 
in inaccessible places. It adds weight, 
requires no extra space, will remain in place 
any length of time. The most important deriva- 
tion of this method, especially for stressed skin 
construction, is the strain rosette containing 
four gage lines at 15" to each other, cemented as 
a unit to a surface. 

The “stress-coat” paint of and pi 
Forest of Massachusetts Institute of Technology 
has been used with success on aircraft engines 
for much the same purpose. This paint is a 
brittle lacquer which cracks at points of con- 
centration of stress under static and dynamic 
loading. The cracked pattern checks closely 
with strain gage analvsis, when used under con- 
trolled conditions. 

Universal testing machines have been 
modified to increase convenience, speed of get- 
ting out the work, and accuracy. 

For work on panels and thin walled struc- 
tural assemblies for aircraft, the Tate-Emery 
null method universal testing machine has 
developed three ranges on a single dial which 
are interchangeable during test by a 90° turn of 
knob on the panel board. Testing spaces in the 
machines have been greatly increased to accom- 
modate structural parts. Added features include 
ability to maintain the load, accurately, for a 
long time. 

A machine of this type of enormous capac- 
ity and speed, capable of investigating the 
mysteries of hot and cold working of metals, 
extruding, forging, forming, and rolling, is now 
in the Aluminum Co. of America’s research 
laboratory. It is known as the Templin  pre- 
cision metal working machine; it has 3,000,- 
0O0-Ib. capacity, operating speed greater than 


36 in. per min, at full load, 
and space within the machine 
large enough to take the big 
equipment necessary to carry 
out these researches. This has 
been given a great amount of 
publicity during the vear so 
may be considered ancient 
history by now! 

The interest of the air- 
craft industry in plastics has 
stimulated studies new 
directions, but) one particu 
larly is its impact) value 
(usually in a range below 2 ft-lb.). The study 
of impact in plastics is an investigation of the 
resistance of the material to “shatter” from 
shock loading — rather than a study of notch 
brittleness, or the effect of low temperature on 


impact values, as we find in metals. 


Analytical Methods 


By Thomas A. Wright 
ecretary and Techr ca D rect 


Pitkin, Ir 


ERHAPS the most important event of the 

vear to the metallurgical chemist who may 
read this none too short, but quite inadequate, 
review has been the emphasis placed by no less 
an organization than the American Society for 
Testing Materials on “Newer Tools for the 
Analytical Chemist” tools which are known 
to that select and small group concerned with 
determinative mineralogy and = to” others 
involved in food and organic research but, on 
the whole, not so well known to workers in 
routine industrial laboratories. This may well 
be because so many of the latter type of lab- 
oratories tend to be staffed by analysts and lab- 
oratory assistants. busy laboratory-chief, 
chemist though he be, has little time to ferret 
oul new methods and techniques, and often 
only his own time to read and study. Some- 
limes the urge to do so has been killed by the 
steady pressure of speed, greater output and the 
higher degree of precision” persistently being 
demanded of a routine analysis which is 
obviously a paradox, 

Yet the micro-analytical methods of Prreat 
and Emicu devised primarily for the organic 
worker (and what large metallurgical research 
or industrial laboratory can get along today 


without at least one good organic analyst or 
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analytical chemist?) — the methods of Cuamort 
and Mason in chemical microscopy, and the 
spectrograph have so opened up these newer 
approaches to trouble-shooting, “detective” 
analyses, or control of contamination and 
minors example only——that the busy 
control chemist must take heed. 

It almost seems that the analytical chemist 
may vel come into his own, though there are 
still far too many cases where he is held down 
by short-sighted purchasing agents or by engi- 
neers or chemical superiors to whom an analvti- 
cal laboratory is a pure out 
of pocket expense, an analy- 
sis something to be made to 
see that one is not “gypped”, 
or to satisfy a cranky cus- 
tomer, or to be able to com- 
pete with the advertising of 
some more forward looking 
compctitor. 

Well, many of these new 
analytical tools will cut 
expense, they will save time, 
they can increase assurance 
and precision, they do per- 
mil some things to be done 
that couldn't be done before. 
True they often involve the 
problem of obtaining a rep- 
resentative sample, but that’s 
no worry when all one has available to examine 
is a speck or a drop. The same may or may not 
be true of a tarnish or any other type of corro- 
sion problem. 

Some of us were privileged to hear, for 
example, Bell) Telephone’s Beverty CLAarKe’s 
masterly and illustrated presentation of “Some 
Newer Trends in Analytical Chemistry”, and 
Westinghouse Research Lab’s own Bruce Asu- 
crArT tell about “Electrochemical Methods in 
Microchemistry”. Dr. spoke before the 
analytical symposium at the A.S.T.M. in June 
organized by Dr. Lunpett for Committee E-3 
and the analytical division of the American 
Chemical Society with, incidentally, two guest 
conductors in the persons of Freperick 
and Michigan University’s Hope 
(Incidentally again, why are there so few other 
noted teachers of analytical chemistry? Can it 
be because of the almighty dollar, or the small 
publicity value?) 

Dr. Asucrarr spoke last October before the 
Pittsburgh section of the American Electro- 
chemical Society, which has published his paper 


just recently. Abstracts of Dr. CLakKe’s pape: 
together with others presented at both th 
chemical and the spectrographic symposia held 
in June by the American Society for Testing 
Materials, may be published in forthcoming 
issues of that Society’s Bulletin. 

Another very worthwhile publication for 
those chemists who wish to keep abreast of thy 
times is entitled “Microscopic Determination of 
the Ore Minerals”, by M. N. Suorr, Bulletin 914 
of the United States Geological Survey (price 
$1.00 from the Superintendent of Documents, 
Washington. Get it!) 

At one of the most inter- 
esting and enlightening joint 
sessions at the above-men- 
tioned symposia, movies show- 
ing production control by the 
spectrograph at the Ford 
Plant were presented by H. B. 
Vincent of the University of 
Michigan (see Merat Progress 
for July 1939), and colored 
slides by J. D. HaNawacr of 
microchemical operations al 
Dow Chemical Co. 

The latter company is 
also giving impetus to X-ray 
diffraction as another means 
of ascertaining chemical com- 
position to supplement (and, 
to quote Dr. CLARKE) : 

1. Paper technies 

a. Capillary separations 

b. Flange methods 

¢. Feigl-B.T.L. spot methods 

d. Contact prints 

e. Paper strip extraction methods 

f. Paper strip separations (zonal impregna- 
tion) 

Electrography 

h. Classification of useful reactions 

2. Polarography 

3. Potentiometry 

Chromatography 

Radioactive indicators 

Last, by no means least, was the excellent 
illustrated talk on “Industrial Applications of 
Michrochemistry” by G. L. Rover of Calco 
Chemical Co. 

Spectrography keeps on growing and 
spreading. In spectrography precision is being 
emphasized to an extent that already is affect- 
ing beneficially conventional chemical analysis, 
for when all is said and done spectrographic 

(Continued on page 568) 
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Exposure Chart for Radiography of Steel 


By Herbert R. Isenburger 


St. John X-Ray Service, Inc., Long Island City, N.Y. 


DIAGRAMS are based on the following 

combination: Pulsating direct current tension 
generating equipment; line focus, grid action X-ray 
tube; high speed industrial intensifying screens; 
blue base safety film: 5 min. development at 65° F.; 
film density 0.7. 

A solution is shown of this problem: “Find 
the correct exposure on 17-in. film at 36-in. focus- 
film distance for 3-in. boiler plate of density 7.85 
using 220,000 voits and 8 milliamperes.” 

To compute the exposure factor at the ends of 
films of various lengths and at different focus-film 
distances, the factors shown in the table are multi- 
plied by the actual density of the steel. In this 
example the factor 1.027 is located in the column 
for 36-in. focus-film in the line for 17-in. film. 
Multiply 1.027 by 7.85, the density of the steel to 
he radiographed, and the exposure factor is 8.1 


Find intersection of 8.1 with 3-in. line on Chart 
| (Point A), project upward to voltage of tube 
(Point B on 220,000-volt line in Chart Il). Adjust 
Chart III so that Point C (corresponding to 36-in. 
focus-film distance and 8 milliamperes) is opposite 
Point B, and exposure time is read on central scale 
against arrow: 13'2 min. 

Scattered radiation must be filtered to get sharp 
definition above 250,000 volts, and the use of such 
filters requires increased exposure times as follows: 
10% for 1's to 2 in. of steel, 20° for 2 to 3 in., 40% 
for 38 to 4 in. and 50% above 4 in. For instance, 
suppose the conditions in the above problem remain 
the same, except a 300,000-volt source is to be used 
Adjust Point C opposite Point D and exposure time 
is found to be 3's min. without filter, which, 
increased 20°>, comes to 4.2 min 


Table of Exposure Factors 


Length Focus Film Distance 
of Film 24in ] 28in.\ 56 in.| 4Bin 
6in | Os | 1.008 | 1.006 105 | 1.000 
600 F > LOl# | 1.010 | 1.006 | 1.000 
0 | 1.016 | 1.009 | 1.000 
937 | 1.079 | 1.006 
Q 24 - - 128 
200 
1/00 
GO 
60k 
© 
#0 
2 % 
12 
10} 20 
24% 
S 28 2 
= 
= = 
Chart 
[To Be Movable 
$72 FT VAN XN | 
7.6 20. 086 4 2 
\ \ \ \ . By 
8.0 | + ay t Mi/ amperes 
\ 
6.8 + Chart /\, \ Exposure Time in Minutes 
7 2 (To be Used with Chart 


Thickness of Stee/ in Inches 
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Ivtie Polish f Metal 
Eleetrolytie Polishing of Metals 
Compiled by G. E. Pellissier, Jr., Harold Markus. and Robert F. Mehl 
| Temp. | TIME 
METAL SOLUTION C.D.8 REMARKS 
AGE C. MIN. I 
All carbon steels, Acetic anhydride, 4to6 | 507 <30 4 tod) Prepare solution 24 hr. before using. 
martensitic. 765 ce. Use moderate agitation. Al increases 
pearlitic, and Perchloric acid, viscosity which permits more vigor- 
sorbitic: 185 ce. ous agitation and current density of 3. 
Armeo and sp.gr. 1.61 (650%) Can use at current density of 10 for 
white cast iron; Distilled water, 50 cc. austenitic steels. Prepare samples to 
3% silicon steel 0.5% Al 000 paper. Fe or Al cathode. 
Austenitic steelst Acetic anhydride, 6 5OF <30 4to5)| Same as above. 
Perchloric acid (65% ) 
2 parts to part 
Iron and silicon-iron | Orthophosphoric acid | 0.6 (0.75 to Iron cathode. 
sp.gr. 1.316 | 20 | 
Tin Perchloric acid 9to15) 25to | 15to22  8to | Stir solution if length of electrolysis is 
(sp.gr. 1.61), 194 ce. 407 10 | over 10 min. Polish to 000 paper. Tin 
Acetic anhydride, cathode. Electrodes 2 em. apart. 
806 cc. 2 
Coppert Orthophosphoriec acid | 0.65 to 2 Room -5 | Polish to 0000. Copper cathode. Elec- 
sp.gr. 1.3 to 1.4 0.75 trodes 2.2 em. apart. 7 
Coppert Pyrophosphoric acid 8to10)1.6to  15to22) 10to Polish to 00000 paper. Copper 
530 g. per I. 2.0 15 = cathode. 5 
Cobalt Orthophosphoriec acid 12 Rough metallographic polish. Cobalt 
sp.gr. 1.35 cathode. 11 
Aluminum Perchloric acid 3.0 to 50 to <50 15 Allow 4 to 5 g. per te enter solution. 
(sp.gr. 1.48) 5.0 1007 | Polish to 000 paper. Aluminun 
Acetic anhydride, cathode. 
2 parts to 7 parts Ss 
Zinct Potassium hydroxide | 16 6 Room 15 0000 paper. Solution agitated by air 
250% solution or nitrogen. Copper cathode. Elec- 
trodes 2.5 to 15 mm. apart. 10) : 
Lead Acetic acid, 1 to2 3to5 0000 paper, horizontal anode. Use cur- 
650 to 750 ec. rent density of 20 to 25 for 1 to 2 min. 
Perchloric acid, to remove flowed layer. Copper 
350 to 250 ce. cathode. 5 
Pb-Sn alloy Same as above 2 : 
Tin + 3% Sb Same as for tin, above 9to15) 25to  15to22  8to | Same as for tin, above. 
407 10 12 
Copper + 3.26. Co Orthophosphoric acid | 0.07 2 5to | Polish to 000 paper. Copper cathode. 
Copper + 2.4% Fe sp.gr. 1.35 10 | Electrodes horizontal and 's in. apart 14 
Brass, 70-30,t Orthophosphoric acid 13 to 1.9 
(1 constituent) 430 g. per |. 15 ° 
66.7-33.3 Brasst Orthophosphoric acid 2.5 to 3 ‘ 
990 g. per 1. 
Two-constituent Pyrophosphoric acid 9toll 1.9 
60-40 brass t 030 g. per 
Aluminum bronze; Orthophosphoric acid | 1 to 2 
Leaded bronze (85 Cu, 990 g. per L 
10 Sn, 3 Zn, 2 Pb) 5) 
Phosphor’ bronze,| Methyl alcohol (abs.), {Oto 20to30 See- | Cathode of stainless steel cloth in bot- 
silicon bronze, Nitric acid (cone.), 50% onds |tom of dish. Distance between elec- 
monel, nichrome, 2 parts to 1 part trodes 42 to 1 in. 17 
nickel, and ft metals 
SCurrent density in amperes per square decimeter. +External applied voltage. tSee last item in table. : 
References: 1. P. Jacquet, Comptes Rendus, vol. Engineer, April 1938, p. 116... . 9 Elektrokemiska 
201, p. 1473, 1935. ... 2. P. Jacquet, Comptes Rendus, Aktiebolaget, German Patent 645,979, June 9, 1937... . 
vol. 202, p. 403, 1936... . 3. P. Jacquet, Société de 10. Vernon and Stroud, Nature, vol. 142, p. 477, 1161. 


vol. 69, p. 629, 1936. ... 5. P. Jacquet, Bulletin de la search and Development Council, Bulletin No. 90... . 
13. W. C. Elmore, Journal of Applied Physics, October 
1939. .. . 14. Gordon and Cohen, American Society for 
Metals Preprint No. 39, 1939... . 15. P. Jacquet and P. 


Société Chimique de France, vol. 3, p. 705, 1936... . 
6. P. Jacquet, Bulletin de la Société Francaise des 
Electriciens, vol. 6, p. 547, 1936... . 7. Lowery, Wil- 
kerson and Smare, Philosophical Magazine, vol. 22, p. Rocquet, Comptes Rendus, vol. 208, p. 1012, 1939. . . 
769, 1936... . 8 P. Jacquet, Comptes Rendus, vol. 205, 16. Meta. ProGress, December 1939, p. 756 and 771. 
p. 1232, 1937. The Metallurgist, Supplement to The ...17. Communication from Hugh E. Brown. 
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Chimie Physique, vol. 33, p. 226, 1936... . 4 P. 1938. ... I. W. C. Elmore, Physical Review, vol. 53, | 
Jacquet, Transactions of the Electrochemical Society, p. 757, 1938... . 12. P. Jacquet, International Tin Re- ; 
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Instruments for Control and Analysis 


By E. E. Slowter 
Chemical Engineer 
and B. W. Gonser 
Metallurgist 
Battelle Memorial Institute 


EED FOR MAINTAINING CONTROL over fur- 

nace atmospheres used in the heat treatment 
of metals has become more pronounced with the 
widespread use of special atmospheres. — Early 
work was conducted largely on a cut-and-try basis; 
a batch of metal was treated in a certain atmos- 
phere, then examined. Adjustment of the atmos- 
phere proceeded according to the ideas of the 
experimenter until satisfactory product) was 
secured or patience exhausted, then the valve set- 
tings of the atmosphere producer were noted and 
the operator piously (or occasionally profanely) 
hoped the same results would be secured the next 
time he used the same settings! 

It is still practical to use the hit-and-miss 
system for installations where auxiliary equip- 
ment must be kept at a minimum, but apparatus 
for analyzing and controlling the atmosphere at 
all times is available to eliminate guesswork and 
assure proper conditions. A large store of funda- 
mental information on the behavior of various 
metals in atmospheres of varied composition has 
been accumulated, and much time and material 
can often be saved by correlating this information 
with the available plant conditions. Some knowl- 
edge of the atmosphere composition and how il 
changes is needed to apply this information to 
specific plant problems. 

To answer the user's questions, “Is this the 
right atmosphere for the material | want to heat, 
and, if so, how can I keep it correct?” the manu- 
facturer of control equipment must obtain either 
a direct or an indirect measure of the effect of the 
atmosphere upon the work. A direct measurement 
actually determines the effect of the atmosphere, 
while an indirect method gives a measurement of 
some quality of the atmosphere which can be cor- 
related with its direct effect on the work. Thus, 
the exact chemical composition of the atmosphere 
need not be known to control it. Since the impor- 
tant reactions between an atmosphere and the 
work are primarily chemical, however, the chemi- 


of 
Controlled Atmospheres 


cal composition of the atmosphere is really the 
basic measure of its effect. 

Many interesting and effective controls have 
been developed in the past few years. Since much 
of this equipment has been competitive and some 
made primarily for another purpose, it has seemed 
desirable to compile an outline of the available 
control equipment to aid those interested in con- 
trolled atmospheres in learning what is available 
and to assist in evaluating different instruments 
for specific purposes. At the invitation of the 
Editor of Merat ProGcress the Battelle Memorial 
Institute has sponsored the collection of this infor- 
mation and the various instrument companies 
have generously cooperated. They have been quite 
frank in describing the limitations as well as the 
possibilities of their equipment a far-sighted 
stand which does them much credit. 

It is the purpose of this article to show the 
basic principles used for control rather than spe- 
cific mechanical devices. Various types of analytt- 
cal and control equipment now commercially 
available for controlled atmosphere use are conse- 
quently described, but other devices operating on 
the same principle with only minor differences in 
the operating mechanism have not been men- 
tioned, as well as modifications of a given instru- 


mental type. 


Means for Controlled Atmosphere Analysis 


Since an analysis of a controlled atmosphere 
does not necessarily mean that its composition 
must be determined, the following methods (and 
possibly others) may be used: 

1. Composition Analysis by Chemical Means: 
When the composition of a controlled atmosphere 
is completely known its effeet upon the material 
being heat treated at a given temperature may be 
predicted from other data. 

2. Partial Composition Analysis by Chemical 
Means: If some component of a controlled atmos- 
phere bears a reasonably fixed relation to the other 
components, the performance of the atmosphere 
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Instruments for Control and Analysis of Controlled Atmospheres 


may be predicted from a measure of this compo- 
nent. Also, where only one component of a gas 
mixture is particularly detrimental, analysis for 
that component only is sufficient. 

3. Physical Property Determination: For a 


given type of gas produced in some particular 


machine the physical properties of that gas bear 
a relation to its chemical 
composition which may 
be used for control pur- 
poses. Gas density, ther- 
mal conductivity, and 
heating value are proper- 
ties commonly measured. 

Effect Determina- 
tion: The atmosphere 
may actually be tried on 
the material being heat 
treated (usually in small 
scale tests) to determine 
its effect, with subsequent 
adjustment and = control. 


to analyze for all of them. The best shop equip 
ment now available is the Orsat type of ga 
analyzer which, when used with a combustio; 
pipette, will determine CO,, O., CO, H., CH, Can 
N. by difference). The other two important com- 
ponents, H,O and H.S, must be measured by sepa 
rate instruments. The Orsat instrument is so wel! 
known to all who have had some ele 
mentary chemistry that no description is 
necessary here. 

While a combination of instruments 
may give a complete analysis of a con 
trolled atmosphere, the equipment 
requires an experienced operator and a 
considerable amount of time for each 
analysis. This is unsatisfactory for most 
commercial applications where a simple. 
easily read, continuous recording or con 
trolling device is required. For such pur- 
poses a partial analysis of the atmosphere 
may be satisfactory but the user should 
always remember that he should take 


In all these methods, 
although the atmosphere 
composition may not 
actually or completely be 
determined, it is necessary to know the direction 
of change in the atmosphere composition which is 
followed by the instrument. Thus, in all methods, 
measurement and control of the atmosphere must 
be correlated with the composition although, using 
a well-designed instrument, the operator may not 
be conscious of the fact that this is being done. 

Since many controlled atmospheres are pro- 
duced by combustion processes it is not surprising 
that the controls have been borrowed from or 
derived from the combustion engineer's tools. 
However, the relatively greater importance of the 
amounts of certain gases and the effects of small 
amounts of other gases in controlled atmosphere 
work has required many refinements in this equip- 
ment. In this paper the means of analysis of the 
atmosphere has been used as the means of elassi- 


fication. 


Composition Analysis by Chemical Means 


The most important constituents which may 
be found in controlled atmospheres are: 

Nitrogen (N,), hydrogen (H.), oxygen (O,), 
carbon monoxide (CO), earbon dioxide (CO,), 
methane (CH,), water vapor (H.O) and hydrogen 
sulphide (H.S). The large number and relative 
importance of each of these has made any sort of 
universal, automatic gas analyzer practically 


impossible; even manually operated devices fail 


such partial analyses with reservations 
When unexpected or unusual operating 


conditions occur. 


Partial Analyses by Chemical Means 


Carbon Dioxide: This gas is relatively easy to 
determine. Many absorption type meters have 
been developed in fuel combustion work to indi- 
cate and record this gas. Absorption devices all 
depend upon the measurement of the decrease in 
volume of a fixed amount of sample when the CO, 
is scrubbed out. However, for most controlled 
atmosphere applications the measurement of CO 
only, in the amounts detectable by such devices, 
does not provide a critical value by which the 
atmosphere may be evaluated. For this reason 
a deseription of the available instruments is nol 
considered pertinent. If a specific application 
is found where such an instrument is suitable, a 
large amount of information is readily available 

Oxygen: Oxygen is an important element in a 
controlled atmosphere (in most cases it is desired 
that free oxygen be absent). A new and interest- 
ing type of oxygen recorder has recently been 
developed and patented by Mine Safety Appl 
ances Co. This device may be used provided CO, 
is first removed from the gas sample. It measures 
the oxidizing power of an atmosphere on a copper 
electrode and this serves as a measure of its oxy 
gen content. The essential parts of this recorder 
are a voltaic cell, made of cast hard rubber, con- 
taining an electrolytic solution (which is a strong 


reducing agent) and two electrodes of pure cop- 
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Instruments for Control and Analysis of Controlled Atmospheres 


per. One electrode in bar form is completely 
immersed while the other, which is in ring form, 
slowly revolves with a part of its periphery sub- 
merged in the electrolyte and the remainder 
exposed to the prepared sample of gas which flows 
through the cell above the electrolytic solution. 
The oxygen in the sample reacts with the exposed 
copper surface of this rotating ring and forms 
copper oxide. As the ring rotates the copper oxide 
enters the solution and a potential is set up 
between the copper oxide and the submerged elec- 
trode, and measured by a potentiometer calibrated 
to read the oxygen content of the sample. Within 
reasonable limits it is said that this potential is 
not influenced by the rate of sample flow. These 
recorders are obtainable to measure ranges from 
zero up to 2.0° oxygen or from zero up to 20.86. 

A schematic diagram of this apparatus is 
shown in Fig. 1. The scrubbing system at top 
right is used to condition the gas; first and third 
towers contain alkaline material for removing acid 
gases such as CO,. The fourth tower contains 
slass wool which acts as a mechanical filter to 
remove any entrained mist. An oxygen-absorbing 
material in the second tower is used to remove 
oxygen from the sample when setting the instru- 
ment to zero; this second tower is connected by 
two 6-way valves so that the sample can be 
by-passed around the first bubbler and through 
the second one. When thus conditioned the sam- 
ple is ready for analysis, since hydrocarbons and 


other non-acid gaseous products do not interfere. 

The purified sample then passes through a 
flow meter to the electrolytic cell. The electrolyte 
consists of a special solution of ammonium chlo- 
ride (NH,Cl), ammonium hydroxide (NH,OH), 
and ammonium carbonate ( NH, .CO,) to which 
there has been added a small quantity of ammonio- 
cupric ions. This solution is held at a constant 
level in the voltaic cell by a large overflow and ts 
recirculated from a solution container by a pump. 

Hydrogen Sulphide: In practically all applica- 
tions of controlled atmospheres sulphur-bearing 
gases are very undesirable. This is particularly 
true when annealing copper and its alloys. Hf 
there is sulphur in the fuel used, it is preferably 
removed before the fuel is burned to produce a 
controlled atmosphere. Since most controlled 
atmospheres are on the reducing side of perfect 
combustion, any sulphur present exists as hydro- 
gen sulphide. It can be detected by its odor and 
by reaction with lead acetate, but these tests are 
only qualitative. 

For quantitative measurements, a detector is 
also marketed by Mine Safety Appliances Co, This 
detector was originally developed for measuring 
hydrogen sulphide in industrial atmospheres and 
is described in U. S. Bureau of Mines’ Report of 
Investigations No, 3276, June, 1935. Within its 
range of accuracy it may also measure hydrogen 
sulphide in furnace atmospheres. The normal 
instrument covers the range of zero to O.O4G 

HS, or about 0 to 20 grains per 


100 cu.ft. of gas, and is sensitive 


REQUIAOP NO. to about grain of HLS per 100 

a cu.ft. A special detector tube ts 
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Fig. 1 Diagram of Mine Safety Appliances 
Co. Oxygen Recorder, Wherein Oxidation of 


Gas intet also made for the range of 0 to 
of sample (about 0 to 3 grains 
per 100) ecu.tt.d., and sensitive to 
approximately parts of HLS per million of 
sample. 


This detector is a hand-operated device 


consisting of an aspirator bulb, a detector tube and a mov 


may be drawn through the detector tube, and the amount of mate- 
rial which changes color in the tube is a measure of the HLS. 
The material in the detector tube is sized granules of acti- 
‘ Recirculating Pump vated alumina coated with silver evanide \s H.S passes over 
them it turns the coating a dark gray. The reagent is not affected 


in aceuraey by the commonly occurring gases, water Vapor ol 


variations in temperature within the 
atmospheric range, but is usable for but 


one analysis 


Copper Electrode Is Continuously Measured Hermetically sealed detector tubes 
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Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery 
in “The Structure of Metals and Alloys” Monograph No /, British Institute of Metsa/: 


Lattice | Interatomic| vs | 
Element Electron Axa/ | | Constant Distance 
Atomic Arrangement | Ratio 
No. in Free Atoms AS) 
S 
| c | a | |$8 
S S =< 
Group IA fn Periodic Sequence 
3 Lithium (2/1 |55/7004| — 5.04 1373 
11 Sodium (28) 1 8 |4300004| — 5.72 — | 383 
19 Potassium 1 6 | 55555) — 4.6/8 — |4.76 
37 Rubidium 8 |562t003| — 4.87 — |5.02 
at-I7FTC. 
55 Cesium 8 |605tQ03| — 5.24 — |540 
at-17FC. 
Group 
29 Copper 1 12 | 3.6078 2.5511 — 1255! 
47 Silver 1 12 4.0776 2.8835 _ | 2883 
79 Gold 12 | 4.0699| — 2.8778| — 12877 
Group ITA tn Periodic Sequence 
4 Beryllium (2)2 O 15848 | 66 | 22679| 3.5942| 22235| 2.2679| 225 
12 Magnesium (2) (8) 2 1.6236 6.6 | 32022\ 3.1900\ 5.2022\ 
20 Calcium (2Y8}(8) 2 a=) - 12 | 5.56 5.93 — | 393 
(data for 450°C.) B=O| 14640 66 | 394 | 6.46 | 394 | 3955 | 598 
38 Strontium 2 12 | 6.075 4.296 — |42% 
56 Barium 6 | 5.0/5 4343 — |448 
Group 1B 
Zinc 2 0 18560 | 66 | 26590| 49551| 26590| 2.9061 | 2.748 
48 Cadmium 18) 2 18852 | 66 | 2.97356| 5.6069 3.2872| 3.042 
80 Mercury \ 6 | 2999= at-46C.) 2.999 — 15/0 
Group INA in Perfodre Sequence 
5 Boron (2) 5 - — 280to 
Aluminum 12 | 4.04la|  — 2.8568} 4286 
2! Scandium (2H8j(9) 2 \ Grote 
39 Yttrium (2HEVIBHY) 2 O L588 6.6 | 3663 | 58/4 | 3595 | 356s | 3.629 
57 lanthanum| a=Q 6.6 | 3.758 | 6.063 | 3.727 | 5.754 | 5.74/ 
A=0) 12 | 5296 3.754 3.745 
Group IMB 
3/ Gallium (2818) 3 O ~ | — | 45/67 | 7.6448 | (notec! 
 6=45/07 
49 Indium 3 A 1.077 48 | 4583 | 4936 3./58 
8/ Thallium (QHENIBH3ENIS) 3 \a=Q| 1600 6.6 | 3450 | 5.520 | 3.404 | 3.450 | 3.427 
12 | 4.841 3.423 — |3.42s 


Notes: (8) is body-centered 


Dis simple rhombohedra/ ; U 
(b) Appears to be smaler in some alloys 


(c) Batoms to unit cell; each atom has ! neighbor at 2.437 ,2at 2. 


cubic ; is face-centered cubic ; O close packed hexagone/; 


is orthorhombic ; Ais face-centered tetragona/ 
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Fig. 2 


“Ranarex” Recorder, by the Permutit Co., Meas- 


ures Density of Gas (and Inferentially Its Proportional 


5—The difference] 
between the torque 
produced by gas and 


that produced by air S 
moves the indicator — 


Air Outlet 


| 4—Whirling air strikes | 
this impulse wheel and 
mparts torque in op ‘a 
posite direction to that 

| of gas 


Air Chamber 


3—Whirling gas strikes 
this impulse wheel and | 
imparts torque to its/ 
| shaft | 
1—This mpelier 
*nuosly draws in sample of 
gas to be analyzed and 
sets tin rotation 


Gas Chamber —— 


Gas Outlet Gas Inlet 


the device. When ready to make an analysis the 
ends of the tube are broken off, it is inserted in the 
holding device and the calibrated scale is adjusted 
so that its zero is opposite the beginning of the 
reagent granules. The test is then made by squeez- 
ing the aspirator bulb ten times, allowing the bulb 
to expand completely after each aspiration. The 
amount of hydrogen sulphide in the sample is then 
read on the calibrated scale at the end of discolora- 
tion. As in all gas analyzers, care must be taken 
to see that the proper sample is available at the 


inlet of the device. 


Physical Property Determination 


In all devices for analyzing controlled atmos- 
pheres on the basis of their physical properties 
the instrument user must recognize the fact that 
atmospheres of widely different chemical compo- 
sition may have certain physical properties which 
are identical. For this reason a given value of a 
physical property for one atmosphere does not 
mean that another atmosphere having the same 
value for that physical property will have the 
same effect on heated metal. However, such 
physical property determinations are of value, 
since for a given installation changes in the 
physical property being measured can frequently 
be correlated with changes in the gas composition. 
It is not a fool-proof method, however, since com- 


position changes may be compensating and an 


-MoterPuley Content of Heavy Ovidizing Gases and Light Reducing 
wy Gases) by Using It in a “Fluid-Drive” and Opposing 
Its 


Torque to That Produced by Atmospheric Air 


important change in the gas composition may 
not register, or if it does register it may be 
misinterpreted by the operator. 

Specific Gravity: Since the specitie gravity 
of the various components of a controlled 
atmosphere are not the same, its specific 
gravity may be used to measure the approxi- 


mate change in its composition, As an example, 
the specific gravities (compared to air 1.000) of 
the common gases are: 

GAS SPECIFIC GRAVITY 

CO 1.529 

1.105 

N, 0.966 

CO 0.966 

CH, 0.552 

H., 0.069 


The specific gravity of any particular atmos- 
phere is a function of the specific gravities and 
amounts of its components. In the “Ranarex” 
indicators and recorders made by the Permutit 
Co. a rotating fan forces the unknown gas against 
an impulse wheel which faces the fan and is 
located in the same chamber, thus producing a 
torque proportional to the specific gravity of the 
gas (and, therefore, under certain conditions, pro- 
portional to the composition of the gas). Since an 
absolute measure of torque would be affected by 
many variables, this instrument compares it with 
the torque produced by air, as shown in Fig. 2. 
The unknown gas and air are both passed (sepa- 
rately) through a humidifier to bring them to the 
same temperature and humidity; suitable gas 
purification is also used in advance of the instru- 
ment. The two impulse wheels are linked and a 
pointer measures the difference in torque and 
thereby the specific gravity of the unknown gas 
as compared to air. This instrument is rugged 
and works on purely physical principles thereby 
eliminating any chemical reactions. However, any 
elements affecting the specific gravity of the gas 
other than those for which the instrument was 
designed will cause erratic readings and the appli- 
cation must be selected with this in view. 

Thermal Conductivity: Of the common gases, 
N.. OJ and CO have about the same thermal con- 
ductivity (taken as about unity) while CH,, HO 

vapor), and H, have thermal conductivities 
greater than unity and CQO, a value less than unity. 


Changes in their relative amounts therefore pro- 
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Crystallography of the Chemical Elements 


Sheet II of Z 


AS Tabu/sated by William Hume-Rothery 
in “The Structure of Metals and Alloys” Monograph No.1, British institute of Metsa/s 


Lattice | Interatomic| 
Element Electron Axia/ | Constant | Distance 
Atomic Arrangement |G%| Ratio 
No. in Free Atoms | Cra 
% 9 S 
S S XL 
Group IVA fn Pertodic Sequence 
22 Titanium | 2 O 1.60! 66 | 2.953 | 4.729 | 29/5 | 2953 | 2.93 
40 Zirconium a=O} 1589 6,6 | 3.223 | | 3.166 | 3223 | 3.19 
[data for 867°C.) A=) 8 | — | 3.126 
72 Hatnium | O 1.587 6,6 | 3200 | 5.077 | 3.1359 | 5200 | 3/7 
90 Thorium 12 |\5.0?20r| — — 
5.091 3.600 
IVB,Including Carbon and Silicon 
6 Carbon,diamond (2]4 4 5.5606 | 
graphite 0 2.75 6 |246 | 6.78 142 | 246 
14 Silicon (2N8)4 4 | 5.4/8 — | 2346 
32 Germanium 4 | 5.6492 2.445 oe 2.788 
50 Tin, gray 4 4 | 6.46 — |2.797 — | 
white 0.5456 | 4,2 | 5.8194) 3./2753| 3.0/6! | 3.1753| — 
62 Lead 12 \4.9389' — 1|3.4923| — | 3.494 
Group VA In Perfodic Seguenc 
23 Vanadium 2 8 | 3.035 — |2627 — | 269 
41! Columbium | 3, 294 2.8535 — |294 
73 Tantalum (4) 8 — |2854 — 
91 Protoactinium) -| — |- 
Group VB 
7 Nitrogen (2/5 a=cubic — — | 5.66 1.06 
15 Phosphorus | 7’ | 3,5 | 5.14 1.74 3.0/ 
33 Arsenic | w=53°49’ | 3,3 | 4.15) — |25086| 3./465| — 
5/ Amtimony 5 | a=57° 5° | 35,5 | 4497 — |2879 | 3.578 | 3.228 
83 Bismuth QD | a@=57°16 | 3,31 4.7365| — 13./05 | 3.474 | 3.64 
Group VIA in Periodic Sequence 
24 Chromium 1 _ 6 |28766| — |2.4929| — |257 
B=O| 1626 6.6 | 2.7/2 | 4.4/8 | 2.709 | 2.717 | 27! 
42 Molybdenum 1 6 |3/403| — |2.7/96| — | 280 
74 Tungsten 3.1583| — |2.2352| — | 262 
B, 8atoms in unit 5.038 2.519 | 2.8/6 
92 Uranium \Mono-| a2b20=/2h 7321/7 | 2829 3.508 | 2.829<-Noied| — 
clinic! B=64°%8" | b= 4.887 | 
Group VIB 
16 Sulphur (2H8/6 Ofo/)| — |/06/ |24.56 
34 Selenium O(fe/| 1.140 2,4 | 4.537 | 4.945 | 25/6 | 3.457 | — 
52 Tellurium 6 Ofe)| 133 2,4 | 4.445 | 5912 | 2.858 | 5.46 


Notes: (2) is body-centered cubic; is face-centered cubic ; O close packed hexsgone! except 


as noted; diamond ; A is tetragona/; is rhombohedral and 


orthor. 


(6) Graphite is hexagonal, not close packed, with four atoms per unit ceil. 


(c) Cubic structure ; two positions distinguishable, X and Y. Fach atomxX has 12Y at 28/64 ; 
each atom has 2Y at 25/9 and 4X at 28/16A 


ld) /28 atoms in unit cell. Data from International Critica/ Tables or A.S.M. Mets/s Handbook 
[e) Hexagonal, not close packed; each atom has 2neighbors at o; and 4 at A> 
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Instruments for Control and Analysis of Controlled Atmospheres 


duce changes in the thermal conductivity of an 
atmosphere containing them, and by measuring 
the thermal conductance of a controlled atmos- 
phere, changes in its composition can be detected. 
It is important to note that it is the change in the 
thermal conductance of a gas of one type pro- 
duced by a given generator which is important, 
and not the absolute value of the conductance of 
the gas, since gases of widely different composi- 
tion may have the same thermal conductance. 
Also, thermal measurements of an atmosphere are 
not particularly suitable for operation in the 
approximate region of perfect combustion, but in 
most controlled atmosphere applications it is not 
desirable to operate at this point anyway. 

One instrument manufactured by Brown 
Instrument Co. of this type employs an alternat- 
ing current Wheatstone bridge with two arms of 
the bridge in the unknown gas and two arms 
sealed in an air space (Fig. 3). An a.c. galvanome- 
ter shows any unbalance of the bridge, and in this 
case is connected to a balancing slide wire and 
recording pen so that a record of the thermal con- 
ductivity of the unknown gas may be made. The 
arms making up the bridge are of platinum, which 


Pow en to Slide Shoe Wire 


Power Input 
Divioing Rheostat 
Power to Brioge 


Ower 
nout 
Agyusting ad 
Rheostat AC Galvanometer 
4 
Fig. 3 Brown Instrument Co.'s “Analy-Graph” 


Uses Hot Wires in the Form of a Wheatstone 
Bridge to Measure the Thermal Conductivity 
of a Gas Atmosphere and Thus Record Any 
Important Change in Major Constituents 


has a fairly high temperature coefficient of resist- 
ance. Current is supplied to the bridge arms at a 
value, regulated by the power input adjusting 
rheostat, to heat them to about 100° C. A power 
dividing rheostat is used to adjust the currents to 
the respective arms of the bridge. 

With the device properly balanced by the 
power input dividing rheostat, air in the sample 
chamber will cause the wires in that chamber to 


be at such a temperature that there will be no 
unbalance in the bridge circuit composed of these 
two wires and the two wires sealed in the air 
chamber. When a gas other than air enters the 
gas sample chamber the heat conductivity of the 
gas surrounding the heated wire is representative 
of that gas instead of air and the temperature ol 
the platinum wires or coils rises or falls depend- 
ing upon the conductivity of the unknown gas. 
This change in temperature causes the resistance 
of the wires to change, thereby unbalancing the 
circuit, and the unbalanced Wheatstone bridge 
causes a current to flow through resistor R and 
the voltage drop across this resistor moves 
the galvanometer needle. The instrument then 
acts automatically to bring the cireuit into bal- 
ance by moving the contact along the slide wire 
until the voltage between the end of the slide wire 
and the contact balances the voltage drop across 
resistor R. When properly adjusted the indicat- 
ing pointer will then indicate a reading which is 
in relation to the thermal conductivity of the gas 
in the gas sample cell. To secure constancy of 
results, gold plated cells are used. 

The gas flow of the sample through the cells 
is secured by a water aspirator or suction pump. 
The furnace gas first passes through a water 
cooled surface condenser, a calcium chloride drier 
and a cellulose filter before reaching the thermal 
conductivity cell; thereafter it goes to a bubble 
bottle, a flow gage and finally through the aspirat- 
ing or pumping device. Only a portion of the gas 
aspirated actually passes through the cell proper, 
the bulk of the gas being by-passed so that fairly 
wide variations in the total gas flow do not produce 
erratic results. Since in reducing atmospheres the 
apparatus is most sensitive to hydrogen, and in 
oxidizing atmospheres to CO., two seales are pro- 
vided on the instrument. 

While this device was originally developed as 
an indicating and recording instrument, a circuit 
for controlling the composition of a controlled 
atmosphere produced by the partial combustion of 
a fuel gas has been developed by Brown Instru- 
ment Co. and by C. M. Kemp Mfg. Co. The poten- 
tiometer is connected with the gas producing unit 
so as to hold the atmosphere at any predetermined 
thermal conductivity. In the Kemp “Industrial 
Carburetor” the gas producing unit mixes the gas 
and air for combustion in a special carburetor, 
Which in its simplest form consists of a slide valve 
movable in two dimensions. Movement in one 
dimension controls volume at a substantially con- 
stant composition, while movement in the other 
dimension controls composition at a substantially 
constant volume. The controlling potentiometer 
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Crystallography of the Chemical Elements 


Sheet lil of 5 


As Tabulated by William Hume-Rothery 
in “The Structure of Meta/s and Allo ys” Monograph No./, British Institute of Meta/s 


volume and the Do the smailest.interatona as- 3 neighbors at 2.365 


Element Electron Axia/ Constant Distance S 
Atomic Arrangement |G%| Ratio | 
S 
NL 
Group tn Periodic Sequence 
25 Manganese a=Cubic(noteb}/ | — | 3894 
B=Cubic(notec) | 12 |6300| — 
0.9354 — | 3774) 3526 | 2582 | 2669 
75 Rhenium 2 O 1.6/48 2.7553\ 4.4493\ 2.7349) 2.7553\ 2.75 
Group VII 
53 Iodine 7 O | 52.04 | 4. 795 9,780 2.70 |(noted| — 
b=2 
Group Vill rn Perfodic Sequence 
26 Iron — |286/o!| — | 247772; — 
— | 3.64+at 900°C. | 2.580 — |252 
27 Cobalt (2HENI5)2 a=-O| 1.624 — | 250? | 4.072 | 2499 | 2507 | 250 
— | 5545 — | 2507 — | 2507 
28 Nickel (QHEME)2 /64 — |299 | 408 | 249 | 249 | 249 
— |3.51720| — | 24869) — | 2487 
44 Ruthenium (QUEUE) 5) 1 O 1.585 — | 2695 | 4273 | 264s | 2695 | 267 
45 Rhodium 1 — |3.7955| — | 26838| — | 2684 
46 Palladium — |3.8824| — — |2745 
Niven 76 Osmium (ZHEWENSEBW4/2 | O 1.578 — | 2.730 | 4309 | 2.669 | 2.730 | 2.70 
27 Iridium | @ — |363le| — |2709| — |2709 
78 Platinum \ @ — 139/58) — 1276891 — 12769 
Rare Earth Group 
58 Cerium (2HEMEM 2 a-0 1.62 66|365 |59/ | 3563 | 365 |364 
A= — 12 | 5./43 — | 36%? — | 363 
59 Praseoaymium| | O 1.620 6,6 | 5.657 | 5.924 | 5.638 | | 565 
60 Neodymium| 1.608 6,6 | 5.657 | 5.68 | 36/9 | 5.657 | 5.64 
68 Erbium | 6,6 | 3.74 | 609 |3.2F | 3.74 | 5.23 
Notes: (a) boay-centered cubic; @ is face-centered cubic; is close-packed hexagonal! ; orthorhombic 
[b) Approximates where each /attice point is a (c) Complicated structure with 20 
et cluster of 29 atoms ; / typex,4 typeA,/2 type Do atoms of two kinds in unit cell. 
ett and 12 type D;. The Xatoms wang + A the largest Each atom of the first kind has 
e. 
14 


| he x tances of neighboring atoms are as follows : Zs f u 2.530 
X atoms have /2 Deat 2.71 5 u 
4A at 2.82 3 2.875 
eG r A atoms have 1X at 282 Each atom of the second kind has 
{Pe SD, at 2.49 and 3 at 2.96 2 neighbors at 2.530 
at 269 and 3 at 289 « 2615 
Doatoms have 1X at 2.7! u 2.659 
| 2A at 2.69 and / at 2.89 267) 
eu u 2675 


/D2 at 2.24 and 2 at 2.58 


1D, at 2.45, 2at 25landZat 268 Atoms arranged in pairs so that 
D; atoms have 1A at 249 and / at 2.96 each one has one close neighbor 
/Doat 245, 2 at 2.5! and 2at 2.66 at 2.0. Data from ASM. Metals 

6D; at 267 Handbook. 
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Instruments for Control and Analysis of Controlled Atmospheres 


acts upon a motor geared to a micrometer adjust- 
ing screw upon the carburetor and thereby adjusts 
the gas-air ratio so as to secure a gas composition 
of constant thermal conductivity and, for a given 
apparatus and fuel gas, of a substantially constant 
composition, 

Heating Value: A device of this type is only 
suitable for atmospheres containing combustible 
gases. In it a sample is mixed with a_ predeter- 
mined amount of air and the heat of combustion 
measured. The combustibles determined depend 
upon the method of combustion. In one type of 
device the heat of combustion is made a measure 
of the (CO + H,) content of the gas, since these 
are the usual unburned gases encountered in the 
applications for which this instrument is designed. 
The summation of the two is approximately cor- 
rect, since their heats of combustion are about 
equal. Methane (CH,) is not correctly indicated 
by such an instrument, as it is difficult to secure 
catalytic combustion of this gas. 

In this particular type of device (manufac- 
tured by Bacharach Industrial Instrument Co.) 
combustion occurs at the surface of a platinum 
wire. The unknown gas and air are pulled into 
the apparatus at a constant rate and mixed in a 
predetermined ratio. About 95‘. of this mixed 
gas is vented through an orifice, speeding up the 
flow and giving a constant head or pressure to the 
supply going to the analyzing system, whereby the 
latter is kept under a positive pressure. The 
remaining 5‘. of the gas is passed through the 
analyzing system and moves at a constant velocity 
through a lead-lined gas cell containing an electri- 
cally heated platinum wire. The combustible gases 
are burned catalytically along this wire, thereby 
raising its temperature and its electric resistance 
is then compared with that of an identical wire 
mounted in a sealed air cell. 

These two platinum wires are arranged so as 
to form two arms of a Wheatstone bridge while 
two constant resistances form the other two 
arms, as shown in Fig. 4. In setting up the appa- 
ratus the current is set at a predetermined value 
by the current adjusting rheostat and the instru- 
ment is zeroed with a balancing potentiometer 
when air is passing through the gas cell. (This 
potentiometer is not shown in the drawing but its 
resistance is inserted between the two cells while 
the variable arm is connected to the galvanom- 
eter.) When an unknown gas and air are passed 
through the gas cell, combustion of the CO and H, 
in it at the surface of the platinum wire in this 
cell causes the temperature and, therefore, the 
resistance of this wire to increase. This change 
in resistance serves to unbalance the circuit and 


the degree of unbalance is a measure of the com- 
bustible content of the sample. The flow of gases 
is controlled by a system of orifices which may be 
changed for varying ranges of combustible con- 
tent. A filter is also used ahead of the gas cell 
to remove solids. 

Another type of analyzer which depends upon 
the heat of combustion is produced by Mine 
Safety Appliances Co. and is an adaptation of the 


Current Supply 
Meter Used as a Galvanometer 


to Gas Composition 
fixed 
Resistance Sealed 
Meter 2 A 
A Balanci 
for Current Rheosta, 4 Ges Out 
Agyustment 
Gas 
Cel! 
Resistance ur 
Gas In 
Rheostat for 
Current Adjustment 
Fig. 4 Diagram of Analyzer for Combus- 


tibles in a Gas (Bacharach Industrial Instru- 
ment Co.) Combustion along heated plati- 
num wire in gas cell increases its tem- 
perature and its resistance, which is measured 


carbon monoxide analyzer used for detecting toxic 
concentrations. This device measures extremely 
small amounts of CO, but when it is applied to 
furnace atmospheres its range is expanded by 
diluting the sample with air-——a_ necessity for 
proper operation of the instrument since hydro- 
gen and carbon dioxide are normally present in 
controlled atmospheres. (If CO, is present in con- 
centrations of 5% or over it is adsorbed by the 
combustion catalyst and the consequent heat of 
adsorption registers as carbon monoxide. Hydro- 
gen, also, in relatively high concentrations, is 
caused to burn. Since these are both concentra- 
tion effects, they are eliminated or greatly reduced 
by diluting the sample. ) 

Liquid automatic flow meters are used for 
controlling the rate of sample and air flow and 
for maintaining the mixture in fixed proportion. 
The seale of the recording element is, of course, 
calibrated to read the amount of carbon mon- 
oxide in the undiluted sample. This device may 
use a recording potentiometer for a continuous 
record and can be attached to automatic control 
equipment. 

This analyzer consists of a gas pump, a gas 
dryer, a gas purifier, a flow regulator and a detec- 
tor cell. In operation, the CO of a conditioned 
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Instruments for Control and Analysis of Controlled Atmospheres 


gas sample is caused to burn catalytically to CO, 
and the increase in heat content of the gas is 
measured. The gas pump draws the sample from 
the furnace and forces it, with a measured amount 
of air, through the remainder of the apparatus. 
The sample is first dried by activated alumina; 
the dryer is a dual unit provided with means for 
automatic re-activation. The gas is then passed 
through a charcoal tower or scrubber to remove 
organic vapors, and then through a flow meter and 
regulator for a constant rate of flow. The rate of 
flow depends upon the range of combustion capa- 
ble of being analyzed by the instrument and is 
indicated by a manometer. 

This conditioned and measured gas is now 
ready for the detector cell. This cell is mounted 
in a steam bath with temperature constantly at 
100° C.; the sample passes through coils in the 
steam bath to raise it to the same temperature. 
The heated gas sample then flows through a bed 
of pumice in which the “cold” junctions of a ther- 
mopile are embedded, following which it flows 
through a bed of the catalyst in which the “hot” 
junctions of the thermopile are located. This cata- 
lyst, called “Hopealite”, is a specially prepared 
mixture of manganese dioxide with basic copper 
carbonate and is selective with respect to CO, 
causing it to burn to CO,. The heat liberated 
increases the temperature of the catalyst, is meas- 
ured by the thermopile and is proportional to the 
CO content. The thermopile e.m.f. may be used 
to actuate suitable electrical devices for indication, 
recording, or control. 

For accuracy this device must be checked 


Fig. 0 General Electric Coos Portable Dew 
Point Potentiometer for Measuring the Con- 
tent of Water Vapor in an Atmosphere 


with a calibrating device which sends a known 
concentration of CO to the measuring instrument. 
The calibrator draws and measures pure CO from 
a cylinder, meters an air flow and mixes the two. 
The frequency of calibration depends upon the 
use; it is reported that where the instruments are 
used in analyzing air samples for carbon monox- 
ide, calibration at approximately 90-day intervals 
is satisfactory. 

Another use for combustion measurement and 
control devices is in the calorimetric control of raw 
gases used for producing furnace atmospheres. 
This is particularly important when the supply is a 
fuel gas whose composition and calorific value fluc- 
tuate widely. Devices of this type are manufactured 
by Cutler-Hammer, Inc. and work on the princi- 
ple of burning gas and air in fixed volumetric 
proportions and measuring the heat liberated as 
a temperature rise. Such temperature measure- 
ments may readily be utilized to actuate indicat- 
ing, recording or control equipment. As in all 
devices of this type, an accurate, well-made instru- 
ment is required and it must be so designed that 
external conditions are eliminated or compensated. 
The measurement of the calorific value of a gas 
may be used to vary or control its flow in a pre- 
determined manner according to the requirements 
of the installation. In one device of this type all 
of the combustibles in the gas are burned and the 
total heating value of the gas is used for control 
purposes. Ordinarily, the control mechanism is 
arranged so it will hold the product gas at a con- 
stant heating value, while a separate indicating or 
recording device is used to measure this heating 
value. 

Water Content: A partial physical analysis of 
a controlled atmosphere is made when dew point 
methods are employed to determine its water con- 
tent. These methods are based on the fact that 
when a moist gas is cooled below its saturation 
point or “dew point’, water will precipitate. By 
observing the temperature at which this precipita- 
tion occurs saturation temperature is measured, 
and, assuming the gas behaves like air, this may be 
made a measure of its water content. One such 
meter is the “Dew Point Potentiometer” of the Gen- 
eral Electric Co. It consists of a polished metallic 
mirror located in a small chamber in such a man- 
ner that it can be seen through a sight glass. The 
gas being tested is passed continuously through the 
chamber and over the metallic mirror. The tem- 
perature of the mirror is gradually lowered by 
directing a jet of CO, or some other compressed 
gas against its back side. When the dew-point 
temperature is reached a spot of dew appears on 
the mirror and may be observed through the 
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Instruments for Control and Analysis of Controlled Atmospheres 


window. A light-gage thermocouple and a poten- 
tiometric balancing circuit provide a means for 
accurately reading the mirror temperature at the 
dew-point. From this temperature the water 
vapor in the gas may be directly determined. The 
range of this particular instrument (Fig. 5) is 
from 110 to —60° F, 


Effect Determination 


Visual Effects: A device for detecting the sur- 
face effects of controlled atmospheres on various 
metals which may be heat treated has been avail- 
able for some time from the Electric Furnace Co. 
known as the “Visual Gas Tester” (Fig. 6). The 
test chamber is a glass tube stoppered at either 
end. Electrodes which pass through the stoppers 
are equipped with clamps by which a test strip 
may be fastened. Provisions are made for con- 
tinuously drawing a sample of the gas being tested 
through this chamber. The test strip is heated 
by an electric current supplied by a small trans- 
former; an ammeter measures this current and a 
rheostat controls its magnitude. This device can 
be used to test any sort of an atmosphere whose 
effects upon the material being heat treated can be 
observed by eye. This means that its most com- 
mon use is for determining whether or not a given 
atmosphere is oxidizing, as in testing 
atmospheres used in bright annealing. 

Carburization and decarburization 
are not necessarily visual; hence when 
used to determine these effects the 
instrument is used in a somewhat differ- 
ent manner. The tester is then used as a 
small-scale furnace in which a_ strip 
sample is heated under predetermined 
time-temperature conditions in the 
unknown gas and the sample later 
examined by microscopic, chemical or 
other methods. The economy of small 
scale tests in production work is obvious. 

rhere are several different ways in 
which the instrument may be utilized 
but one of the more important is to 
determine the effect of an atmosphere 
upon a steel during cooling. It is well 
known that an atmosphere which is 
reducing to a steel at a high temperature 
may become oxidizing upon cooling, 
because the gas-metal equilibria with 
water vapor and hydrogen are such that 
more water vapor can be tolerated with- 
out oxidation at high temperatures than 
at low. To use this instrument for the 
purpose, as in bright annealing a low 


Page 505 


Fig. 6 


carbon steel, a low carbon steel strip say ‘2 in, 
wide and 0.01 in. thick, 6 in. long, is clamped 
between the electrodes and the test chamber 
purged until only the gas being tested is pres- 
ent. The whole resistance is placed in the circuit, 
the current turned on, and the rheostat adjusted 
until the ammeter reads 4 amperes (or other value 
which has been found suitable). By adjusting the 
rheostat the current is held steady for about one 
minute, at which time the strip has reached a 
temperature of 1600 to 1700° F. The current is 
then decreased to some predetermined lower value 
and held constant at that figure. As soon as the 
strip loses heat-color the operator starts measur- 
ing the time and notes when the strip begins to 
show signs of oxide discoloration (which would at 
first be a light straw color along the edge, then 
gradually become deeper in color). 

The elapsed time figure is a relative measure 
of the reducing character of the atmosphere; the 
greater the time, the greater the reducing power. 
In a dry mixture of N, and CO coloration would 
never appear and the time would be infinite. As 
the oxidizing constituents of an atmosphere 
increase, the point can be reached where the test 
strip is seen to be oxidized as soon as heat color 
disappears and the time noted is zero. Between 
these two conditions there is a range in which 


Tube of Flowing Gas and Its Oxidizing Nature Is Observed 
by Tarnish or Temper Colors (Electric Furnace Co.) 


A Strip of Metal Ils Heated Electrically in a 
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Instruments for Control and Analysis of Controlled Atmospheres 


atmospheres may be directly compared by this 
device and their performances correlated. 

In addition to this comparative figure, the 
device directly measures the cooling rate neces- 
sary to prevent staining or oxidation. If a test 
strip can be cooled at a given rate in a given gas 
without noticeable oxidation, the work may be 
safely cooled at the same rate. It is also useful 
in finding the correct conditions for applying 
desired surface coloration. Straw yellow or blue 
coloration of steel surfaces is frequently desired 
for certain uses, 

While the above description has dealt chiefly 
with the use of the visual gas tester for analyz- 
ing atmospheres for the protection of steel, it is 
obvious that it may be used with other metals. 
One such is in the bright annealing of copper, 
where this device is particularly useful in detect- 
ing the presence of hydrogen sulphide in the 
atmosphere —a very undesirable substance, even 
in minute amounts, because it stains the copper. 
The apparatus in this case is used substantially 
the same as previously described. 

In all cases the tester is merely a small scale 
furnace test. For this reason, as in all atmosphere 
testing devices, care must be taken to see that a 
truly representative sample is secured and _ that 
leakage within the furnace muffle does not cause 
a misinterpretation of results. 

Sub-Surface Effects: As far as sub-surface 
effects are concerned, most of the available atmos- 
phere control instruments rely on indirect indica- 
tions or measurements to evaluate changes. 
However, a new device for the direct indication of 
the effect of controlled atmospheres upon the car- 
bon content of steels has been recently developed 
by Westinghouse Electric & Mfg. Co. To date this 
has only been used experimentally but it appears 
to offer considerable promise and may be devel- 
oped for production use in the near future. It 
mounts a fine steel wire between two copper elec- 
trodes in a sealed glass tube through which a gas 
sample may be passed. 
heating the wire electrically and for measuring its 
electrical resistance when cold. The wire is 
heated to the same temperature (measured by the 
power input, or the dilation of wire) and in the 
same atmosphere as the work being treated. 
Because of its fine size this wire quickly reaches 
carbon equilibrium with the gas at the working 
temperature, after which the wire is cooled to 
room temperature. Since the resistivity of the 
wire has been determined in relation to its carbon 
content, it is possible to determine from a second 
measurement at room temperature with what car- 
bon content a given atmosphere is in equilibrium. 


Provision is made for 


(Dilatometric effects may also be used as a meas- 
ure of the carbon content of the wire and a 
projection of the wire upon a screen gives a mag- 
nification of the results.) The device must be 
calibrated for a given type of gas but the rate of 
flow does not appear to be critical. 

Effects on Special Materials: Certain indi- 
vidual constituents in controlled atmospheres may 
be measured by their selective attack on special 
materials. In this case these materials serve the 
same purpose as a fuse in an electric circuit and 
flash a warning when unwanted changes occur. 

Variations in fuel gas composition and pres- 
sure as well as variations in the temperature, 
humidity and density of air used in combustion 
invariably result in slight variations in the com- 
position of an atmosphere produced by combus- 
tion methods. In many applications these slight 
variations have no effect but for some applications 
(such as in the nitrogen or inert gas generators, 
where gas and air are burned to very near the 
theoretical point of complete combustion and yet 
free oxygen cannot be tolerated) there is consid- 
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Fig. 7—Continental Industrial Engineers’ 
Oxygen Detector Utilizes a Hot Filament of 
Copper Alloy Which Burns Out Quickly When the 
Gas Under Test Contains Traces of Free Oxygen 


erable need for an oxygen detector. In other cases 
small quantities of gases such as the nitrogen 
oxides, sulphur-containing gases; chlorine and the 
like must be detected in the presence of large 
amounts of harmless gases. An automatic device 
for continuously monitoring gas samples for these 
constituents has been developed by Continental 
Industrial Engineers, Inc. 

This device, called an oxygen detector because 
of its most common use, continuously passes a 
sample of the gas over an electrically heated fila- 
ment maintained at a constant temperature in a 
monitoring chamber. Various metals and alloys 
of differing sensitivities may be used as filaments 

(Continued on page 569) 
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Equipment Will ‘‘Talk’’ 
In L&N’s Show Exhibit 


To give you the facts you want about 
two of our products—Homocarb Furnace 
and Micromax Pyrometer—they will “talk” 
to you in a novel presentation at the Metal 
Show. You may hear as much or as little as 
vou wish; if you have a problem in parts- 
carburizing or in furnace control, we think 
vou'll stav for the whole show. And, of course, 
we'll have engineers in attendance to answer 
questions about these and all other L&N 


products, 


More Production From 
Tools & Dies When 
Heat-Treated This Way! 


A quick, easy way to get more production 
from tools and dies is through complete, 
well-balanced heat-treatment. If the heat- 
treater is given accurate, dependable equip- 
ment with which to work, he may even 
step up the useful life of the very next 
tool he heat-treats. And, if his equipment 
is for Vapocarb-Hump hardening and Homo 
tempering, he need never do less well on any 
future tool—he is, in fact, almost sure to do 
even better, until the maximum is reached. 
Our files are full of such cases... we 
should greatly like to put you in touch with 
some user who has had such experience and 
who may be willing to place it at your 
disposal. 


Vapocarb hardens all steels except high- 


Typical arrangement of Vapocarb-Hump hard 
ing furnace, tool-type Homo tempering furnace, 
with their control panels and the quench tank, all 
arranged so heat-treater can rapidly and accurately 
apply his skill to production of longer-lived tools 


speed. Homo tempers at any heat up to 
1450, sometimes to 1500 F. The equipments 
are complete in every respect; factorv-as- 
sembled as far as possible, with contro! 
panels wired, ready to use when you get 
them. 

For brief descriptions, see Broadside T. 
Or ask for specific, detailed literature. 


AND MEC VALVE DRIVES ema a 
r contro THESE FURNACES 


IS EASIER 


When Micromax Pyrometers Control Furnaces 


Being able to set their furnace controllers and then forget them is one of 
the production-increasing conditions enjoyed by the operators of the heat- 
treat shown here. 

This company produces cast and forged specialties, which require high- 
quality heat-treatment. Excellent furnace-temperature control is thus more 
than just something to aim at—it’s essential to trouble-free production. 
And, to get it, they simply set one knob on a furnace’s Controller. Even 
the sudden changes in outside weather, fuel pressure, etc., are then auto 
matically compensated for, so that they don’t affect the temperature. The 
Control operates continuously, at full dependability, day and night, assur 
ing everyone concerned that annealing and malleableizing heats are to 


specification. 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA., PA. 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES J 


Easy, Neat Way To Prepare Pyrometer Charts For Filing 


To get the full pees This equipment permits the user of 
good out of a re- 
cording pyrometer, 
it is often necessary 
to maintain a file 
of its charts, and 
we now have avail- 
able an arrange- 
ment which greatly, 
helps in preparing 
strip-charts for such 
a file. 


out wasting chart and without having 


tion of the recorder or the location 


thermocouples. 


off feature. 
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Micromax strip-chart instrument to tear off 


a piece of its chart whenever desired, with 


thread the chart back through its guides 


Included can be a rubber-stamp, identifica 


This equipment thus provides daily 
records, as convenient as those of the round 
chart Micromax vet with the greater detail 
and multipoint features of the strip-chart. 
Anv LAN salesman can explain this tear 
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MOBILIZI 


_Wheelco's entry into the instrument in- 
_ dustry proved revolutionary. New prin- 

_ ciples and new standards of temper- 
ature. measurement and control 

_ were introduced. Anticipating in- 
dustry'’s future needs, engi- 
neering skill and foresight 

were mobilized to incor- 

_ porate these principles 

in @ wide range of 

instruments. 


1 3 Capacitrols 


“Radio Principle” Control 


The “Radio Principle” electronic control 
was introduced in 1935 and has since 
thoroly proved its superiority over all 
other type controllers. “Limitrols” and an 
initial line of Indicating Pyrometers were 
also introduced. 


1936 


““Flame-otrols”’ 


The “Flame-otrol”, announced in 1936, is 
the only combustion safeguard for all 
fuels approved by both Underwriters 
Laboratories and Factory Mutual Labora- 
tories. A complete line of Portable Indi- 
cating Pyrometers was added to supple- 
ment other Wheelco equipment. 


Flame-otrols 


““Proportioning Control” 


Wheelco made instrument history again in 1937 with the announce- 
ment of the “Proportioning Control’’ as a means of continuously 
varying fuel input to maintain constant temperature —available with 
all “Radio Principle’’ Controllers. Other important additions in- 
cluded Portable Potentiometers, “Heat-eyes’ and Time Delay 
Relays. 


**Potentio-trols”’ 


A major step in the rapid growth of the Wheelco Instruments Com- 
pany was the perfection of a 
Potentiometer Controller — 
“Potentio-trol"” — combining the 
extreme sensitivity of “Radio 
Principle" Control with the proved 
accuracy of the potentiometric 
method of temperature measure- 
ment. A “Program Control”, ap- 
plicable to all “Radio Principle” 
Controllers, was introduced to- 
gether with “Rheotrols”, “Flame- 
eyes’ and Automatic Ignition 
“Flame-otrols.” 


Potentio-trols 


1939 


rmometers 


In 1939 Wheelco broadened its line to include Thermometers. The 
acclaimed sensitivity of “Radio Principle’ Control was combined 
with Indicating Thermometers for low temperature applications. 
Besides Control Thermometers, Wheelco also presented Indicating 
and Recording Thermometers. Electric Valves, employing an electro- 
thermal expansion principle, became an important addition. 


‘ 


CHICAGO, ILLINOIS 


Analytical Methods 


(Continued from page 552) 

standards as a rule must be based on chemical! 
analysis, except for the determination of very 
minor percentages of elements. More and more 
calls are coming in for standard alloy samples but 
few, except those who have cooperated in analyz- 
ing the Bureau of Standards’ samples, have any 
conception of the thought, skill and high cost 
(“high” in comparison with costs of ordinary rou- 
tine analyses) involved in either the preparation 
or the analysis. Only a concerted effort, subsidized 
by industry, appears able to supply the proper 
number of standard samples. 

During the year A.S.T.M. Committee E-2 on 
Spectrographic Analysis organized and held a 
symposium at Atlantic City in which an attempt 
was made to correlate the desires of the engineer 
and metallurgist as to precision with the efforts 
and abilities of the spectroscopist. A main pur- 
pose was to encourage more factual thinking, dis- 
cussion and self appraisal. 

The literature has been filled to confusion 
with schematic diagrams of novel, not so novel, 
and pet spark hook-ups, but thanks to 
growing competition among instrument manufac- 
turers —— new built-up circuits are becoming avail- 
able. So too are new designs in densitometers, 
comparators, and other accessories. Demands 
continue for improved electrodes, though good 
graphitized carbons are available (high-purity car- 
bons are being made so) and for better plates. 
Photographic technique is being properly stressed. 

Massachusetts Institute of Technology held its 
usual worth-while and well attended conference, 
and the University of Chicago its first. At the 
M.I.T. conference a Society of Applied Spectros- 
copy was tentatively organized and decision was 
made to publish the proceedings of the society and 
the conference in either the Journal of The Optical 
Society of America or in a tentatively planned 
Journal of Applied Spectroscopy to be issued 
quarterly. Officers of the society headed by Prof. 
GreorRGE R. Harrison were elected. 

This is a development to be watched. 

More colleges are initiating courses in spec- 
trography. It is hoped that they will stress the 
fundamental foundations rather than dissipate 
their energies in mere teaching of laboratory skills 
(which can come with the first job in industry) or 
one or two special methods. If the schools will 
only correlate the role of the physicist with that of 
the analytical chemist, spectrography will progress 
more efficiently. The spectrograph still remains a 
tool of the analytical chemist, but no one should 
ignore the part that the physicist or physical chem- 
ist must play in developing it. 
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Control of Atmospheres 


(Continued from page 566) 
for the selective detection of a range of gases over 
a range of compositions. For oxygen detection the 
filament must be made of a metal which is inert 
H.O, N., CO, H., and CH,, 


sensitive to traces of oxy- 


in the presence of CO,, 
but which is extremely 
gen and when exposed to these traces will burn 
through, thereby actuating a suitable relay and 
alarm. A copper alloy meets these requirements 
satisfactorily. When burned out this filament 
may be readily replaced and the device is again 
ready for use. A sketch of such a device is shown 
in Fig. 7 on page 566; connections with a red 
warning lamp, which lights when the testing fila- 
ment burns out, are made through the relay, but 
not indicated on the sketch. 


Conclusions 


From the above it will be seen that manual 
equipment is available for the complete chemical 
analysis of a controlled atmosphere, but this equip- 
ment is not satisfactory for the usual metallurgi- 
cal application in production because of the skill 
required in operating it and the time required for 
Rapid-acting recording and 
for determining 


a complete analysis. 
control equipment is 
specific properties of controlled atmospheres. This 


available 


equipment is well engineered and may be adapted 
to practically any type of controlled atmosphere, 
but the user must carefully determine the require- 
ments of his installation as no instrument now 
available is universally applicable. 

Where unusual or new conditions are encoun- 
tered, a chemical analysis of a controlled atmos- 
phere is practically essential except in those cases 
where the effect of the atmosphere upon a sample 
can be directly observed. Once an installation is 
stabilized, other types of atmosphere measurement 
may be entirely satisfactory to keep it stabilized. 
While equipment to secure almost any desired 
result is now available, there appears to be a con- 
siderable need for a simplified and cheaper device 
for special furnace atmosphere control. The con- 
tinuous user of controlled atmospheres in a large 
way can easily afford to invest $500 in an excel- 
recorder for his 
controlled 


lent’ atmosphere controller or 
plant, but the intermittent user of 
atmospheres frequently cannot justify such an 
investment. Now that suitable equipment is avail- 
able for the large user the next step appears to be 
the development of a cheap apparatus for the small 
user. Some of the instrument producing com- 
panies are definitely interested in such a device 
and it may be expected that it may eventually be 
developed to the commercial stage. Se 
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NDUSTRY 


For the past five years Wheile 
has provided the vltimate 
Indicating and Controliin 
temperature instrument 
Mobilixing past expe 

ence with an unde 
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“Therm-otrols 


Recording Therm-otro! 


Today, Wheelco offers the “Therm-otrol” to set a new 

standard for Recording Control Thermometers. The “Therm- ; 
otrol” is adaptable to every application. It is available 
for ranges between 0° F. to 1000° F., as: (1) an Indicating 
Thermometer; (2) an Indicating Controller; (3) an Indicating ' 
Controller, with “Flame-otrol”; (4) a Recording Ther- : 
mometer; (5) a Recording Controller; (6) a Recording 
Controller, with “Flame-otrol". More than sixty-five indi- 


vidual models of this instrument are available. 


Wheelco is proud of its revolutionary achievements in 
its initial five years of existence and of its proved ver- 
satility in anticipating industry's ever changing and 


exacting requirements. 


For further information on Wheelco ; 
instruments, write for general catalog 


G2000-5, which illustrates entire line. 


CHICAGO. 


Ins 


1929-33 S.HALSTEO STREET 
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ANALYZER 


“'Topographic”’ Profile of finished surfaces.... 

aac Lino aaa actual height above and depth below mean 

SEL reference level in Millionths of an Inch 
finished metals, glass, plastics, paper, etc. 


Immediate and Permanent ink-on-paper record. 


Tracer method of recording . . . surface under test 
explored by fine sapphire point the vertical motion 
of which is amplified up to 60,000 times in the cor- 
responding pen motion on moving paper chart. 


PUSHED: 


Utmost Simplicity of operation . . . readily set 
up in shop or laboratory for production or research by simply plugging 
into 110 volt 60 cycle power supply. 


Portable and Rugged . . . easily transportable in carrying cases in which 
instrument may be operated. 


Booth No. Z-23§ at National Metal Exposition 


THE BRUSH DEVELOPMENT CO. 
3311 PERKINS AVENUE = CLEVELAND, OHIO 
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L. order to protect the quality of 
its stainless steel sheets, this steel 
plant in the Pittsburgh district con- 
trols the temperatures of bright- 
annealing furnaces with precision 


BRISTOLS 


Vitis 


accuracy by means of Bristol's Strip- 
Chart Potentiometer Pyrometer 
Controllers and Bristol's Indicating 
Dial Type Pyromaster Potentio- 
meter Controllers. In addition, both 
Bristol's Strip-Chart Pyrometers and 
Bristol's Pyromasters are installed 
for continuously recording the 
temperatures in important zones in 
the four furnaces which they serve. 
THE BRISTOL COMPANY 
WATERBURY, CONNECTICUT 
Branch Offices: Akron, Birmingham, Boston, 
Chicago, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Sct. Louis, San Francisco, 
Seattle. Canada: The Bristol Company of Canada, 


Limited, Toronto, Ontario. England: Bristol's 
Instrument Company, Limited, London, N.W. 10 
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FOR EXACTING TEMPERATURE 
MEASUREMENT AND CONTROL 


Bristol's Potentiometer Pyrometers 
offer many advantages, as follows: 


INDICATING PYROMASTER 
POTENTIOMETER 
PYROMETER 


Unaffected by vibration. Rugged 
galvanometer. Moving parts oper- 
ate only when the temperature 
changes. Automatic cold junction 
compensator. Extreme accuracy. 


Ask for Bulletin 507H. 


STRIP-CHART 
POTENTIOMETER 
PYROMETER 


Extra wide 12%," chart. Large, 
easy-to-read scale. Automatic 
standardization. Automatic cold 
junction compensator. Extreme ac- 
curacy. Ask for ¢ atalog 1452H. 


FOR BRIGHT-ANNEALING FURNACES! 
| 
L 


“ROCKWELL 


RONESS TESTER 


Whoever enters your shop and sees 
one of these testers knows you are 
striving to do good and conscien- 
tious work, for the reliability of 
these testers is widely appreciated. 


WILSO 
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IF YOU ARE INTERESTED IN METALLURGICAL TESTING 


FOR 


BOOTH Y-20 


NATIONAL METAL SHOW 
CLEVELAND OCTOBER 21-25 


The very latest in laboratory equipment... apparatus 
that will speed up your production and give you un- 
mistakable determinations . . . will be on display and 
in operation at the Buehler Booth in Cleveland during 
the 1940 National Metal Exposition. 


Drop in and look over these instruments and get a new 
idea about the use of concise metallurgical testing 
equipment. They indicate why Buehler is a respected 
name in metallurgical laboratories all over the country. 
If you don’t get an opportunity to see the Buehler Ex- 
hibit at the Metal Exposition, write today for “THE 
METAL ANALYST”, which gives complete details 
about the AB line. 


WRITE FOR YOUR COPY OF 
Re THE METAL ANALYST 


FOR 
UNMISTAKABLE 
DETERMINATIONS 


PRODUCTS 


Polarizing Microscopes 


Cutters 

Surfacers 

Grinders 

Hand Grinders 
Polishing Apparatus 
Lead Laps 

Cast Iron True Plates 
Abrasives & Cloths 
Mounting Presses 


Storage Cabinets 
Stools and Chairs 
Metallographs 
Table Microscopes 
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Measuring Microscopes 
Inspection Microscopes 
Brinell Microscopes 


Micro Hardness Test 
Equipment 


Cameras 
Refractometers 
Colorimeters 
Spectrographs 
Density Comparators 
Carbon-Meter 
Titrators 


OPTICAL INSTRUMENTS METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST. ++ CHICAGO ILL. 
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e This bank of Foxboro 
Potentiometer Recorders and 
Controllers is responsible for 
unusual uniformity in the 
products of a large wire manu- 
facturer. The slightest temper- 
ature deviation in patenting 
furnaces is promptly corrected 


and reeorded. 


e Even in this plant employing 
but a single furnace, the Fox- 
boro Potentiometer Recorder- 
Controller shown here brings 
important economies. Its exact 
control of heat treating prac- 
tically eliminates costly tool 


breakage. 


e Smooth. close control of heat 


treating . . . with continuous 
accurate records... is obtained 
in a leading small-tool plant. 
through this centralized panel 
equipped with a Foxboro Po- 
tentiometer Recorder and Fox- 


boro Potentiometer Controllers. 
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Furnaces 


and Refractories 


Blast Furnace Construction and Operation 


By Wm. A. Haven 
Vice-President, Arthur G. McKee & Co. 


HE MOST NOTABLE improvements during 

the past year, we believe, have been in the 
direction of improving uniformity of furnace 
operations. Blending of ores by bedding, and 
application of modern “air conditioning” meth- 
ods to remove excessive moisture from the blast, 
are outstanding examples. These have been 
fully described several times in the technical 
magazines. 

In furnace dimensions there is a pronounced 
tendency toward higher stacks, but it is some- 
what too early to say whether this will reduce 
manufacturing costs to a greater extent than 
those that have followed other means of increas- 
ing the total volume of the furnaces, such as 
increasing hearth and top diameters. Correct 
distribution of the stock below the bells in the 
very large furnaces remains something of a 
problem. 

This year will see the first all-welded fur- 
nace shell. Value of this type of fabrication as 
compared with riveting will therefore in some 
degree soon be determined. 

Improvement of various auxiliary equip- 
ment, gas washers, hot blast stoves, gas burners 
and the like continues but nothing of a radical 
change in these respects is to be noted. In the 
majority of furnaces being built or rebuilt this 
year, double compartment type of cooling plates 
have been adopted to prevent failure of cooling 
protection to the furnace lining above the 
mantle. 

Some very interesting work in material 


preparation is to be noted in the successful 
beneficiation by sintering of carbonate ores by 
the Algoma Steel Corp. and a commercial size 
plant for concentration of southern ores by the 
Republic Steel Corp., now under construction, 
More intensive exploitation of the magnetite 
ores from New York State—long mined in 
rather moderate quantities — marks an interest- 
ing trend in the utilization of American 


resources, 


Special Refractories 


By Gilbert E Sei 


Technical Director, E. J. Lavino & Co 


SURVEY of the patent literature and of 

commercial production indicates a_tend- 
ency to an effort to substitute for basic refrac- 
tories products made from dolomite, heat 
treated with or without one or more of the fol- 
lowing reacting substances: Silica, alumina, 
iron oxide, manganese oxide, phosphoric acid, 
boric acid, chromite, clay and similar mate- 
rials. Although most of the efforts in this direc- 
lion are haphazard, they are fundamentally 
sound scientifically and there is reason to 
assume that real progress is being made in this 
field. 

The refractories offered to the consumer up 
to the present time are not to be used as a meas- 
ure as to what is to be offered in the future. 
Before the materials can be substituted for 
chrome and magnesia refractories, intensive, 
careful, scientific research must be completed, 
and planned field tests made to determine the 
value of the products. 

Dolomite is one of the most abundant and 
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common minerals in the United States. Olivine 
is another possible source of substitution for 
basic refractories. Several reports on service 
tests on this material have been received, and 
vary to both extremes. However, for certain 
services olivine mixed with magnesia or with 
magnesia and chrome ore seems to hold some 
promise. 

The tendency in the metallurgical industry 
is toward higher temperatures, therefore the 
refractories of the future must have properties 
and characteristics which differ substantially 
from those of most of our present ones, and will 
require the preparation of the materials from 
which they are made in such a manner that 
chemical rearrangement and physical changes 
will not take place in the finished bodies within 
the temperature range of the service to which 
they are to be subjected. 

Already many changes in the method of 
manufacture of special refractories have con- 
tributed materially to their value in service. 
Methods of grinding which vield proper particle 
shape and proper surface condition have been 
developed, and methods of sizing are used to 
produce more uniform porosity, particularly in 
respect to pore size, pore shape and pore dis- 
tribution. Tempering has been studied, and 
many refinements have been made which tend 
toward increased uniformity. Segregation is 
being studied and various methods are being 


found to prevent it. 

Dry pressing is advancing rapidly after a 
lull of 40 vears. We now have de-airing, mold 
lubrication, internal lubrication, various press- 


ing cycles, higher pressures, bigger presses and 
much better control of wetting fluids. 

Manufacture of brick is man’s oldest pro- 
fession, After many generations of inactivity 
the art is actively advancing and we can look 
forward toward real progress both in raw mate- 
rials and in methods of manufacture. 


Basic Refractories 


By Harley l ee 


Director of Research, Basic Dolomite, Inc. 


N INCREASED TEMPO of metallurgical 
operations is resulting in an increased con- 
sumption and use of basic refractories — due in 
part to increased steel production, in part to the 
demand for greater furnace output, but more 
particularly to improvements in basic refrac- 
tories, to new applications of these refractories, 
and to better ways of installing and repairing 
them. When furnaces are pushed to capacity, 
the increased furnace throughput is usually 
gained by a greater heat input or more efficient 
use of that heat. This usually results in higher 
furnace temperatures and an increased burden 
on the refractories. During periods of peak 
production, furnaces can less easily be taken off 
for rebuild or repairing, and under such condi- 
tions basic refractories are doing yeoman serv- 
ice in increasing the life of critical parts of the 
furnace, 

The development of new, high quality 
refractories takes place slowly. Good refracto- 
ries require long use under observation to prove 
their merit. Such service tests are usually fol- 
lowed by gradual improvement in the refrac- 
tory, and finally the adaptation of the product 
to new applications. 

Advancing trends in basic refractories are 
notable in the development and application of 
unburned magnesia brick and chrome-magnesia 
brick for the construction and maintenance of 
metallurgical furnaces. The application of 
unburned brick has been particularly note- 
worthy in the copper and steel industries. 

Unburned basic brick are in use in copper 
smelters for reverberatory furnace linings and 
roofs; in anode furnace linings and roofs; and 
to a lesser extent in converter linings. They 
have been successfully used for suspended roofs 
in large reverberatory furnaces. Some such fur- 
naces have a complete roof of this sort; others 
use a suspended basic roof near the firing end 


of the furnace. (Continued on page 600) 
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Improvement in Arc Furnaces and 
Accessories 


By W. M. Farnsworth 
Superintendent, Canton Steel Division 
Republic Steel Corp. 


ETALLURGISTS in general have long rec- 

ognized the ability of the electric furnace 
to produce cleaner, higher quality, more uniform 
alloy steels than could be obtained by any other 
process of steel making. A steady increase in 
electric furnace capacity has been the result 
a trend which has turned sharply upward in 
recent months. 

The newest electric are furnaces, of which 
the four 50-ton units now installed 
or in the process of being installed 
in our Canton-Massillon division 
are typical, have individual, three- 
phase, 12,000-kva. transformers 
which combine several new ideas 
found desirable over a number of 
vears of development and plant 
experience. 

The tap changers are motor 
operated and offer a wide choice of 
voltages to the operator. The tap 
changing mechanism is mounted in 
a separate oil compartment attached 
directly to the transformer case. 
This prevents contamination of the 
oil in the main transformer’ by 
oil from the tap changing mecha- 
nism. <A further advantage is that it requires 
only three high voltage bushings out of the 
transformer. All tap leads run from the termi- 
nal board inside the transformer case to the tap 
changer compartment inside the transformer 
and tap changer tank. 

Electric furnace operators have found, too, 
that these larger furnaces require greater slag 
volumes, and a simple means of slag handling 
has been worked out in the new installations. 
Our new furnaces are designed and foundations 
so constructed that a car carrying the slag thim- 
ble can pass directly underneath the center line 
of the furnace. The car is motor operated and 
carries a 330-cu.ft. slag thimble (the same size 
as is used on a 100-ton openhearth). The oxidiz- 
ing or melt-down slag is run off through the 
door directly opposite the tap hole, and after the 
heat is tapped and the ladle is removed, the slag 
thimble may be run forward to catch the drain 
from the furnaces. 


Improved Reheating Furnaces 


By M. 
ice-President, The Amsler Morton ¢ 


ODAY, the insistent demand for increased 

production creates this problem: More pro- 
duction must be had in the same floor space. 
This is particularly true of the continuous heat- 
ing furnace in steel mills, and another aid to 
production has been devised for them. 

In the past, continuous heating furnaces 
have almost always been fired from the dis- 
charge end of the furnace. This, perhaps, is due 
to tradition; the early furnaces were quite small 
compared with the modern furnaces of today, 
and therefore were fairly 
sasy to heat. As the fur- 
naces became larger, 
problems of uniform and 
economical heating 
became more acute and 
improvements were 
made —but discharge- 
end firing was retained, 
probably on the basis 
that the steel could then 
most easily emerge at its 
highest temperature. 

Some furnaces heat 
cold billets and others 
reheat hot steel from one 
train to prepare it for 
further rolling. It is com- 
mon knowledge that a modern conventional 
continuous furnace will produce 25° more steel] 
when the steel is charged at a temperature of 
1500° F. We have taken advantage of this fact 
and install burners for proper firing at the 
charging end of continuous furnaces, with the 
result that our designs produce at a rate when 
heating cold steel that equals the output of mod- 
ern conventional furnaces fired at the discharge 
end when reheating steel coming to them at 
about 1500° 

Such an improved design obtains a uniform 
temperature throughout the length of the fur- 
nace which is about 100° F. higher than the 
average in the conventional furnace, but the 
maximum temperature is reduced by at least 
100° F. “Washing” of the steel and the resultant 
slag are practically eliminated. This results in 
considerable improvement in the quality of 
heating as well as in reduced furnace main- 


tenance. 
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Psyehrometrie Chart. High Range 


By Donald B. Brooks; National Bureau of Standards. Publication M-146 
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Psychrometrie Chart. Low Range 


By Donald B. Brooks; National Bureau of Standards. Publication M-146 
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Gas-Fired Furnaces 


By Harry W. Smith, Jr. 


Director of Industrial Publicity, American Gas Association 


1940 HAS SEEN three relatively new tech- 

niques in gas utilization really take 
hold in the metal industries: (a) Continuous 
bright annealing of wire in open flames without 
furnace or atmosphere tube, (b) the application 
of gas radiants to the baking and 
drying of metal finishes by infra- 
red :adiation, and (c) the 
successful adaptation of “sub- 
merged” or under-water com- 
bustion to the heating of pickling 
tanks and plating baths. In early 
1939 all three were interesting 
possibilities-— today all three 
are proven practicalities. 

Open-flame wire annealing 
has permitted higher speeds and 
lower fuel costs, adapted the 
process to “straight-through” 
production lines and intermit- 
tent operation of strand-anneal- 
ing lines without the necessity of 
waiting for heating-up periods. 
The anneal can also be controlled automatically 
by a device which actually “feels” the wire as it 
races on towards the final reel, and accordingly 
controls the chemical composition and tempera- 
ture of the gases burning along the particular 
path followed by the wire as it pierces the long 
row of open flames. At least 30 such installa- 
tions already exist, and are giving satisfactory 
service. 

Gas radiants for baking synthetic finishes 
have capitalized the advantages of radiant 
heat in special types of work found by experi- 
ments with infra-red lamps (electric). Few 
believe that infra-red ray baking will supplant 
recirculated or convected hot air in the big 
finish-baking market, but for special jobs radi- 
ant heat is faster. In very few cases can con- 
vected heat be entirely foregone, for it is very 
useful for flushing evaporated volatiles out of 
the work chamber and for carrying heat into 
the shadows. Gas radiants offer a propitious 
combination of effective radiant heat for the 
sake of speed, and controlled convected heat for 
better results and versatility. At least a dozen 
applications of gas radiant burners to curing 
finishes on both ferrous and non-ferrous parts 
have been made recently. 


Submerged combustion (where the flame 
actually burns under water) has succeeded jp 
the job of heating pickling tanks because the 
agitation provided when the products of com- 
bustion bubble up through the bath is a highly 
desirable concomitant. The heating is also 
extremely efficient because of the total elimina- 
tion of separations between flame and liquid. 
Further, the flue gases are reduced almost to the 
bath temperature before leaving it. By sub- 
merged combustion, a bath may 
not be heated beyond a certain 
theoretical temperature (around 
165° F.), but in many operations 
such a limit is desirable. 

Over and above these defi- 
nitely new applications, several 
older heating methods have been 
more widely accepted. The gas- 


fired “Char-mo” furnace with its 
integral atmosphere generator, 
charcoal charged, has simplified 
heat treatment of the “touchy” 
molybdenum steels without 
decarburization or production of 
soft skin; the number of units 
installed has therefore pyra- 
mided. The Lithium Corp. has 
come out with an unusual gas-fired furnace for 
heating ferrous metals without decarburization 
or scaling by drawing some vaporous form of 
lithium into the work chamber from a special 
capsule. Also in the atmosphere field, the Indus- 
trial Research Committee of the American Gas 
Association has just issued its Bulletin No. 11, a 
report upon its three-year findings on furnace 
atmospheres made by the partial combustion of 
gas, either that used for heating or a separate 
supply. |Nore: Mr. Conner’s article on the 
opposite page gives some of the conclusions. | 

Gas-fired radiant tube applications are also 
increasing in number and the radiant tubes 
themselves are getting longer and longer. Thus 
the average size of such installations is growing. 
Austempering installations, all of them gas-fired 
and veritable models of automatic control, are 
slowly growing in number. 

Finally, and most important, is the decided 
trend towards mechanization of industrial gas- 
fired heating equipment. Batch operations are 
becoming rarer each day. The speed of produc- 
tion demanded in connection with preparedness 
orders calls for gas furnaces which can fit into 
continuous automatic production lines and keep 
pace with all other equipment in the plant. 
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Carburizing Furnaces 


By J. A. Dow 


Engineer, Holcroft & Co. 


pooped has continued its rapid change from 

box carburizing to gas carburizing during the 
past vear, not alone in the replacement of exist- 
ing furnaces but especially in the installation of 
new equipment. 

Lower operating costs, better control of the 
tvpe of case produced, less floor space required 
and greatly improved working conditions with 
gas carburizing have all been factors influencing 
this change. 

In batch furnaces, the rotating retort type 
and the pit type continue to be the most popu- 
lar. Where densely packed loads have to be 
handled, the vertical pit type furnace, equipped 
with a fan providing forced circulation of the 
carburizing gas through the load, has definitely 
proven itself an accurate and economical heat 
treating machine. 

In the continuous furnace field, the most 
noteworthy development of the past vear has 
been the expanding use of radiant tube heat- 
ing, which eliminates the need for the alloy 
muffle. These radiant tubes can be replaced 


while the furnace is hot; a tube failure, then, 
usually causes no interruption to production 
schedules —it is merely blanked off until it 
can be replaced. This type of construction 
also permits the use of circulating fans in the 
furnace chamber. A very high degree of uni- 
formity in the case is being obtained in spite 
of a very dense loading of small parts in a 
furnace equipped with three generous sized cir- 
culating fans. Modern furnaces both of the 
muffle and muffle-less type were described at 
some length and illustrated in Merat Progress 


last month by Messrs. WyzaLcek and FoLKNen. 

Progress in the direction of cleaner gas car- 
burized work has also been made in the past 
vear. More accurate control of the carburizing 
atmosphere has not only made for cleaner work 
but a more uniform product from day to day 


and week to week. 


Preparation of 
Controlled Atmospheres 
by Partial Combustion of Gaseous Fuels 


By R M Conner 


Director, Testing Laboratories, American Gas Association 


N GENERAL, heating operations are relatively 
simple when oxidizing atmospheres can be 
used; combustion may then be maintained easily 
and efliciently with a slight excess of air, and 
the effect of the flue gases on various heated 
materials is rather well established. In many 
other cases, however, it is desirable to surround 
the material being heated with an atmosphere 
of controlled composition which is neutral in its 
chemical effect on the work. Methods for doing 
this have been developed industrially by the 
method of trial and error, and the published 
data are incomplete and seemingly contradic- 
tory. To clarify this situation the Testing Labo- 
ratories of the American Gas Association started 
three vears ago to investigate the problems of 
combustion of natural gas and typical manu- 
factured gases with limited air supply, and some 
of the results to date have been published in its 
Bulletin No. 11. 
Among other things it has been found that 
a general statement that a flue gas of given com- 
position will carburize, decarburize, oxidize or 
deoxidize a metal cannot be made. A gas of 
given composition may carburize one steel and 
decarburize another, or it may carburize a steel 
at one temperature and decarburize the same 
steel at a different temperature. The same holds 
true for oxidation and deoxidation. When flue 
gas atmospheres remain in contact with metals 
at high temperatures there is a tendency for 
them to react chemically until an equilibrium is 
established between the two. These conditions 
of equilibrium change with original gas com- 
position, temperature, original carbon content 
in the steel, and alloying elements in the steel. 
In general, the longer a gas remains in contact 
(Continued on page 596) 
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Furnaces for Tool Hardening 


By A. H. d Arcambal 
Past-President S$ 
Consulting Metallurgist, Pratt & Whitney 


OOL HARDENING FURNACES, I would say, 

are about in the same state of design and 
construction as exhibited at the @ Exposition in 
Chicago last fall. The majority of tool manu- 
facturers in the Eastern section of the country 
continue to use electric globar furnaces with 
atmospheric control for hardening high speed 
steel. Many of these furnaces now are equipped 
with the new type terminals, doing away with 
water cooling and resulting in a nice saving in 
current consumption. The new family of metal- 
lic resistors, capable of operating at the high 
temperatures necessary, have not yet been used 
to any considerable extent—at least in the 
regions where | am most familiar. 

There are more and more salt bath furnaces 
with the electrode type immersion heating ele- 
ments being employed where tools are produced 
on a production basis from one of the many 
tvpes of molybdenum high speed steels now on 
the market. It has been our experience that 
this is the best equipment for hardening of these 
molybdenum tools although we use but a little 
of these analyses in comparison with the ton- 
nage of “standard” high speed. 

In regard to the hardening of carbon steel 
tools, practically all tool manufacturers are 
using electrically heated lead baths for harden- 
ing such tools as taps, reamers and some types 
of dies, and employing either the electric or gas 
fired box type furnace for hardening carbon 
steel cutters, tools made of 
so-called air hardening die 
steel and of high carbon, 
high chromium steel. 

In this connection 
many interesting develop- 
ments have been made in 
the field of atmosphere con- 
trol. Several different types 
of furnaces are being used 
wherein the atmosphere is 
100°, prepared, the com- 
position controllable, and 
quenching without expo- 
sure to the outside air. 

For tempering carbon, 
alloy and high speed steel 
tools, the air drawing fur- 


naces of the latest design are giving excellent 
results. Some manufacturers still prefer oil 
baths for drawing the carbon steel tools, and 
salt or lead baths for tempering tools made of 
high speed steel. However, I feel certain that 
the large majority of carbon, alloy and high 
speed tools are tempered in air drawing fur- 
naces, and with extremely satisfactory results. 


Salt Baths and Furnaces Therefor 
By William Adam, Jr. 


Vice-President, Ajax Electric Co. 


OMPARATIVELY LITTLE appears in cur- 

rent metallurgical literature about salt baths 
and salt bath furnaces, but that does not reflect 
the true situation in this branch of heat treat- 
ment. Many of the things that are being done 
do not readily translate into newsy editorial 
copy, yet if counted would compare most favor- 
ably to the progress in other fields — say, of 
controlled atmosphere. 

Consider the mediums: Gas atmospheres 
for the most part consist of chemical com- 
pounds well known in elementary chemistry, 
and it is easy to erect a plausible hypothesis 
about how they react with each other and the 
hot metal (but not so easy, one may venture to 
remark, to make them act that way in an oper- 
ating furnace). On the other hand, the chem- 
istry of molten salt mixtures is a closed book 
to most metallurgists, and it may as well be 
admitted that better salts for specific purposes 
are largely discovered by trial and error and 
their composition held private as long as possi- 
ble. (Who, for instance, 
would assume that molten 
barium chloride—a_ very 
stable salt at high tempera- 
tures-— would decarburize 
high speed steel, or predict 
HULTGREN’s discovery in 
1930 that the addition of a 
siliceous oxide to the bath 


a 


would prevent any decar- 
burization?) Despite this 


somewhat fumbling method 
of approach, salt baths are 
now available for all parts 


of the range from 300. to 
2400° F., and of a nature 
that adds carbon, nitrogen 
or both to steel, or which 
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are inert and protective to steel, aluminum, 
precious metals, or copper alloys. 

Outstanding advantages of salt baths for 
heating mediums are the temperature uni- 
formity within the bath, its accurate control, 
the rapid heat transfer to the work, and the 
controlled surface effect. Among the earliest 
baths was cyanide for casehardening; this 
application is still widely used and many new 
installations using modern furnace settings are 
being made in competition with modern gas 
carburizing equipment. Typical is the one at 
Norge refrigerator plant described in Merar 
ProGress in Sepember 1939. Internal heat, gen- 
erated by passage of current between sub- 
merged electrodes, is not only very eflicient 
from a cost standpoint, but saves the pot as 
well. Induced circulation, produced by elec- 
tromagnetic forces at and around the electrodes, 
keeps the temperature rigorously uniform 
throughout the melt. 

High temperature heating requires stable 
salts at high temperature. Given this, our firm 
has been able to introduce salt baths for heat- 
ing steel for forging. Specific applications are 
for forging golf club heads and automobile 
steering knuckles. One manufacturer of forg- 
ing machinery uses a salt bath for reheating bil- 
lets for all test runs on new machines. <A 
rather timely application is the recent introduc- 
tion of our salt bath furnace in several ord- 
nance plants for selectively heating nothing but 
the ends of artillery shell forgings prior to the 
hosing operation. 

As to the hardening of high speed steel, 15 
of our installations made during the last two 
vears have convinced us, as well as these cus- 
tomers, that the salt bath method of hardening 
will produce tools with no decarburization, and 
of more uniform hardness than they have been 
able to do with atmosphere equipment. More- 
over, results are equally effective regardless of 
the type of steel used, 18-4-1, 12-4-2, molybde- 
num-tungsten, the high vanadium types, or the 
cobalt high speeds. 

In the more moderate range of tempera- 
ture, a most unique development is the brand 
new idea of using a salt bath for dip brazing 
various ferrous and non-ferrous assemblies. 
Several commercial installations have been 
made for brazing such work as copper-finned 
heat exchange units, oil filters of steel, and 
other automotive parts. The method was 
briefly described by the Editor in “Critical 
Points” in the May issue. 


Large mechanized salt bath furnaces are 
especially noteworthy, and are only possible 
because of the extended pot life insured by 
internal heating. The hazards of premature pot 
failure, excessive fuming, and radiated heat 
were great handicaps to fuel-fired salt bath fur- 
naces of the continuous type. Today there are 
almost a score of conveyorized furnaces in the 
automotive industry, some with baths up to 18 ft. 
in length, used on heat treating operations such 
as hardening timing chain links, selectively 
cyaniding the ends of valve pusher rods, car- 
burizing boiler stay-bolts, and hardening auto- 
mobile generator and starter shafts. 


Combustion Control 


By E. G. deCoriolis 


Research Director, Surface Combustion Corp. 


NTIL VERY RECENTLY the designation 

“combustion control” referred almost exclu- 
sively to the problem of the economical utiliza- 
tion of a fuel—in other words, to problems 
concerned with the oxidation of hydrogen, 
carbon and hydrocarbons so that a maximum 
heat would be liberated. This problem has been 
solved by the use of the carbon dioxide analyzer 
and its attendant fuel-air proportioning equip- 
ment, as evidenced by its increasing use in large 
power plants. 

However, combustion control is by no 
means so limited in its interpretation, It may 
quite logically be applied to endothermic reac- 
tions as well as exothermic, partial oxidation 
as well as complete combustion, and for the 
preparation of complex gases as well as for the 
liberation of heat. 

As a matter of fact combustion control, or 
more truly control of combustion, is as much 
needed in the preparation of special gases used 
both for protective, inert and active furnace 
atmospheres as for the pure liberation of heat. 

In the class of those processes where the 
product desired is a protective atmosphere (as 
for the annealing of steel sheets) the whole 
process depends on the control of the totally 
exothermic reaction to maintain certain ratios 
of the constituents of the final gas. In this case 
the heat liberated is too small to be of any use 
in the actual heating of the steel sheets, which 
fact, together with other considerations, neces- 
sitates a separate chamber for this combustion 


process. 
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quilibria for Gas-Stee eactions 
Relation Between Gas Composition, Temperature, and Carbon Content in Steel 
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breaks down almost completely into carbon and is relatively inert to 0.20% C steels, will carburize lower 
hydrogen, carburizing steel (and depositing carbon and decarburize higher carbon steels. Partial pres- 
excess soot) at conditions below curves sures, i.e., CO+CO.<100%, raise curves and shift to left 
Beckers Curve for A C. F. [Curve by °C. 
FesC + Saturated 900 Murphy &Jominy A.l.Marshall 
Solid Solution | CurveA / | | 1000 
1000 QS Ratios / Ratios 
+850 1600 | Equilibrium Eguilibrium 900 
9 700 
1400 chy 
+ 750 | 600 
|, 
1300 — | | 
700 | x | 
“4 800 
~~ Steam inactive below 600°F. 
1200 asso soolt2 15 
4] 0.2 0.4 0 0.6 0.8 1.0 Oo 0.2 0.4 0.6 08 1.0 12 14 
Ratio of co in Mixture Ratio of Gases in, Mixture 
Action of Carbon Oxides Depends on Temperature. For Oxidizing Action of Steam May Be Counteracted 
instance, a dried atmosphere containing 6% CO, and 10% CO by 20 Times As Much Hydrogen (Line a-a’). 
yak oy or ratio 0.6 (easily secured by partial combustion of fuel Larger proportions of steam may scale the metal 
a ae gas) would tend both to reduce and carburize at a 1225° F. during cooling (line b’-b). Oxidizing —and 
a ee ee anneal (Point a), but would both decarburize and oxidize decarburizing — propensilies of moist gas may 
see at 1500° F. (Point a’). For “bright hardening” the CO, must likewise be counteracted by carrying excess CO 
By 2 a be reduced well below Curve B (for instance, 1/10 the CO, in the mixed carbon oxides present in the fur- 
Mes as Point b, at 1500° F.). The above statements neglect the nace atmosphere (for instance, CO, : CO = 0.5, 
ale fact that the pressure of CO + CO, is less than 1 atmosphere or line B-B’, on the reducing side of curve A) 
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Speaking broadly, the above are all chem- 
ical reactions but they also all fall into the 
‘rategory of partial oxidation which we know 
by the term “combustion”. With that considera- 
tion in mind, probably the term “control of 
combustion” would be the more descriptive term 
and one that expresses the problems involved 
more clearly. 

In the research and experimental work 
attendant to the development of these special 
atmospheres, mentioned above, whose final com- 
positions have become fairly well defined, 
evidence of intermediate products of very 
interesting and useful characteristics have been 
encountered. 

These intermediate products will eventually 
be made available only through the control of 
combustion. However, until new types of gas 
analyzing equipment can be made available to 
determine, quickly and accurately, the composi- 
tion of the individual components of these inter- 
mediate products, little can be done in the way 
of combustion control. 

This is especially true in developments now 
in progress where constituents are introduced 
into the combustion process other than, and in 
addition to, the usual fuel and oxidizing agent. 
The reactions encountered in this work are both 
endothermic and exothermic and require an 
accurate balance to maintain the desired end 
product. 

Not only do we encounter those curious and 
as vet littke known reactions and intermediate 
combustion products in the generation of spe- 
cial atmospheres but we also find, in the few 
cases where we can exercise a slight control 
over combustion, that the different intermediate 
combustion products exert an enormous influ- 
ence in the overall process of combustion. In 
certain applications we have had to revise our 
previous conceptions completely about the 
phenomena of combustion, especially that relat- 
ing io combustion in confined spaces. 

To date various manufacturers of this type 
of equipment for the simpler forms of special 
atmospheres have utilized more or less conven- 
tional systems for control of combustion which, 
regardless of their mechanical principles of 
operation, all fall into one or two general 
classes, namely, the volumetric or gravitational 
proportioning of the fuel to be utilized and of 
its oxidizing agent. 

In some few cases continuous indicators 
and recorders (such as those described by 
Messrs. SLowTer and Gonser on page 555 of this 


issue) have been utilized for showing the quan- 
tity of one of the constituents of these complex 
combustion products, and by the inference that 
there has been no change in the quality or com- 
position of the fuel and its oxidizing agent, use 
this indication to control, by hand, the opera- 
tion of the combustion process. 

It is quite evident that until equipment can 
be devised for showing directly the quantity of 
the influential element in the combustion gases, 
no attempt can be made to procure a truly auto- 
matic control of combustion. 


Problem of Uniformity in Furnace Output 


By Stewart N. Clarkson 


Executive Vice-President 
Industrial Furnace Manufacturers Association, Inc. 


ONTHS BEFORE MUNICH the Industrial 

Furnace Manufacturers Association 
started a campaign to help the Ordnance 
Department to obtain greater uniformity of 
metals and metal products used for war pur- 
poses. While the automotive and some other 
industries have achieved close to the maximum 
possible uniformity in their heating and cooling 
processes by a long campaign of metallurgical 
education, there are too many industries and 
individual shops which must carry a part of the 
rearmament program where comparable results 
are not being achieved. 

The industrial furnace manufacturers indi- 
vidually, and collectively through their Associa- 
tion, have done what they could to emphasize 
the need of uniform metal products and the 
means of obtaining such uniformity through 
uniform heating and cooling in existing fur- 
naces. Their services have been made avail- 
able to the government, and are also available 
to industry generally for the purpose of outlin- 
ing means by which uniform products may be 
obtained with existing equipment. While it is 
nearly always true that uniform products may 
be obtained with existing furnace equipment, 
this usually reduces the production of heated 
parts per furnace load. 

An example of this was found in connec- 
tion with the furnaces necessary to produce 
current orders for shell forgings, particularly in 
the 75-mm. to 155-mm. sizes. Rotary hearth 
forging furnaces were being considered of such 
small physical dimensions that the desired out- 
put could only be secured by operating at exces- 

(Continued on page 604) 
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Preparation of Controlled Atmospheres 


(Continued from page 591) 
with metal at high temperatures, 
the closer the atmosphere com- 
position must be to that which 
will be in equilibrium with the 
composition desired at the metal 
surface. 

A comparison of these equi- 
librium conditions with the com- 


position of flue gases obtained in 
our studies shows that in every 
case the untreated gases obtained 
by partial combustion of natural 
and manufactured gases would be 
oxidizing and decarburizing in 
nature toward plain carbon steels. 
This is due to the relatively high 
amounts of CO, and H.O, with 


Ordered in last three 
months—21 AMCO 
PIT FURNACES... 
total heating capacity 
2,500,000 tons 


mrnaces 


Gun Annealing 
Furnaces 


requirements. 


Rotary Hearth 
Furnaces 


In these times of heavy demands on Indus- 
try, AMCO’S experienced engineers can 
help speed production and lower cost with 
specially-designed Furnace Equipment 
to meet your individual 


AMCO.- designed 
Pulverized Coal Systems 


Continuous Rail 
Re-Heating Furnaces 


Continuous Bloom 
Heating Furnaces 


COMPANY 


FULTON BUILDING PITTSBURGH, PA. 
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respect to CO and H.,, in the flue 
products even at low aerations. 
Therefore, if an atmosphere defi- 
nitely non-oxidizing to steel is 
required, it is necessary to remove 
part or all of the water vapor and 
‘arbon dioxide by cooling and by 
chemical absorption. 

Untreated atmospheres pro- 
duced by burning industrial gases 
with approximately 95% of the 
air required for complete com- 
bustion (95° aeration) have been 
found very satisfactory for bright 
annealing copper and clean 
annealing brass. Such atmos- 
pheres contain a minimum con- 
centration of oxygen and small 
concentrations of the reducing 
constituents, carbon monoxide 
and hydrogen. Limitation of 
these atmospheres with respect to 
brass arises from a tendency of 
zine to boil out of the surface of 
brass at annealing temperatures 
and not from inherent limitations 
of the atmospheres. There are 
definite indications, however, that 
suitability of these atmospheres 
arises in part from minimum 
oxygen concentrations in the flue 
products occurring with this 
degree of aeration. 

Although scaling at the surface 
of metals may be decreased by 
using atmospheres produced by 
combustion at low aerations, 
other reactions may occur at the 
same time which are as objection- 
able as scaling. For example, 
such atmospheres may _ decar- 
burize the metal surface because 
of the high hydrogen content of 
the gases. Moreover, scale pro- 
duced in atmospheres made by 
partial combustion of gas has 
been reported as being of an 
adhering type, which may be less 
desirable than a heavier but free- 
sealing type which falls off in 
subsequent processing. 

Composition of flue gas atmos- 
pheres undoubtedly will change 
somewhat as their temperatures 
are changed but this composition 
change probably will be small; 
indeed composition should 
remain constant during any tem- 
perature changes below 1600° F. 
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Even if flue gas atmospheres, in 
contact with iron oxides or other 
catalytic substances, changed 
composition at high temperatures 
in accordance with the so-called 
water-gas_ reaction, maximum 
change in concentration of any 
one constituent for a decrease in 
temperature from 2300 to 1900° F. 
would be approximately 1% of 
the total dry flue products. If, 
therefore, the analysis of an 
atmosphere is known for one 
operating temperature, it can be 
assumed without great error that 
the analysis will also apply 
unchanged at another heat treat- 
ing temperature, 

Premixing type burners are 
generally to be preferred to diffu- 
sion or nozzle-mixing types for 
producing flue gas atmospheres 
of uniform composition. Higher 
turn-down ratios are possible 
without flash-backs to the premix- 
ing chamber; more uniform com- 
position of flue products also 
results when a number of small 
ports are used inslead of one 
larger burner port. Ceramic 
materials placed around or close 
to the burner ports, which become 
incandescent, are very helpful in 
keeping the flame burning 
smoothly at low aerations. 

It also should be noted that in 
general atmospheric type burners 
are not adaptable to combustion 
of gas at very low aerations 
because of the low burner head 
pressures available. There is a 
propensity for flames to flash 
back to the mixing chamber, to 
smother in the combustion cham- 
ber, or for explosive pockets of 
unburned gas to be formed in the 
combustion chamber. 

If it is desired to produce large 
concentrations of carbon monox- 
ide and hydrogen in the flue 
products by combustion at very 
low aerations, several expedients 
may be used to lower the 
minimum amount of air which 
will support combustion. Radia- 
tion from the combustion tube 
was found to have an important 
effect. Well-insulated ceramic 
combustion tubes are preferable 


because shorter and more stable 
flames are formed, less unburned 
hydrocarbons remain in the flue 
products, and higher inputs can 
be employed. The minimum 
aeration which would support 
combustion of natural gas in the 
ceramic and water-cooled experi- 
mental furnaces was 67 and 77° 

respectively, of the total air 
required for theoretically com- 
plete combustion. Similarly, 
manufactured gases could not be 


burned below 53 and 58°) aera- 
tion in the ceramic and water- 
cooled combustion tubes, respec- 
tively. 

It is quite possible that 
improved designs of burners 
would enable still lower aeration 
mixtures of both gases to be 
burned. It is also likely that pre- 
heating the air supplied for com- 
bustion would lower the aeration 
limit at which fuel gas can be 


burned, 


and Chain Links 


to produce a thin 
quality hardening. 
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touch with us. 4 American Gas Furnace Co. 


For National Defense 
Hardening Cartridge Clips 


Reciprocating Heating Machines in various sizes, with 
a full muffle for controlled atmosphere, or open hearth 
freely shedding scale, give uniform 


Annealing Cartridge Cases 


Rotary Retort Continuous Heating Machines with hop- 
per feed to uniformly anneal brass cases in the various 
stages of manufacture. 


Normalizing and Hardening 


A cast link belt conveyor Heating Machine 3’ wide by 
14 long is proving itself highly satisfactory for this 


Hardening Cartridge Cores 


For .303 and .500 caliber cores, Rotary Retort Continu- 
ous Heating Machines with hopper feed and internal 
discharge are supplied in various sizes. 


The deep black which penetrates to the bottom of blind 
tapped holes continues to be preferred on rifle and 
revolver parts. Rotary retort batch Heating Machines 
are successfully used for this requirement. 


Representatives located in 
principal cities. 


Elizabeth, New Jersey 
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This Check List will help you buy 
insulating effectiveness 


OR any insulating material to pro- 
vide maximum fuel or refrigeration 


savings ... and keep on providing them, essentials, they Reson. with strength and othe, 
year in, year out... it must stand up continue througho nortan high fuel savings thas 
under careful checking with the list at Service. & 


the right. If the materials you are now 
using do not meet these requirements, 
you can select a Johns-Manville Insu- 
lation that does. 


Check the Characteristics of 
these J-M Insulating Materials 


H-T SUPEREX BLOCKS. For many years the most 
widely used block insulation for temperatures 
to 1900° F. Combines high heat resistance and 
low thermal conductivity. Furnished 3” to 12” 
wide; 18” and 36” long; from 1” to 4” thick. 


L-W SUPEREX BLOCKS AND PIPE INSULATION. 
New-type Superex Block and Pipe Insulation for 
temperatures to 1500° F. Light in weight, high 
in insulating efficiency, unusually resistant to 
compression and breaking. Pipe Insulation in 
all sizes. Blocks same sizes as H-T Superex. 


SUL-O-CEL NATURAL BRICK. A highly efficient 
back-up insulation for temperatures to 1600° F, 
Standard firebrick sizes and shapes. 


SIL-O-CEL C-3 CONCRETE. Cast on the job from 
Sil-O-Cel C-3 aggregate and cement. Sets up into 
a strong, durable semi-refractory insulating con- 
crete for temperatures to 1800° F. Crushing 
strength: 1000 Ibs. ‘sq. in. 


J-M #O. 500 INSULATING CEMENT. Offers good 
adhesion and working qualities. Used principal- 
ly over open-hearth roofs and uptakes. Covering 
capacity: 78 sq. ft., Ll’ thick, per 100 Ibs. 


J-M 85% MAGNESIA BLOCKS AND PIPE INSU- 
LATION. Long recognized as the standard mate- 

rial for temperatures to 600° F. Maintains its high MOISTURE 
insulating efficiency through years of service. 
Blocks 3" to 12" wide; 18” or 36" long; 1" to 4” RESISTANCE 
thick. Pipe Insulation in all standard sizes. 


'Portant in refrigeration 


resistance, and 

Composition Gre 
SIL-O-CEL C-22 BRICK. Insulating refractory for 
temperatures up to 2000° F. Heat-storage capac- 
ity less than ‘3 that of firebrick; is 3 to 4 times 


|: more effective in preventing transmitted heat 
loss. Crushing strength—700 Ibs. /sq. in. Stand- STABILITY 
ard firebrick sizes and shapes. IN 


JM-20 BRICK. New-type insulating-refractory 
brick for temperatures up to 2000° F. Unusually SERVICE 
light in weight (1.9 lbs. per standard 9" equiva- 
lent). Standard firebrick sizes and shapes. 


FOR DETAILS on the complete line ot 
J-M Insulations, visit Booth A-27 at The Metal Show. 
Or write for brochure IN-55A. Johns-Manville, 22 
East 40th Street, New York, N. Y. 


Bl Johns-Manville INDUSTRIAL INSULATIONS 


every temperature...for every service 
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i This, of Course, is the first thing you look for in insula. 
tion. Because Johns-Manville Insulation. 
 eceaaies.t To maintain its original effectiveness, the insulation 
g eee YOu use must remain unaffected by the temperatures 
ie to which it is subjected. From the complete line of J. 
Insulations, YOu can select the right moterigi for any 
temperature from 400° F. below to 2500° F. above. 
Ne oe In locations where it js subjected to compressive 
Bi; ae. loads, the insulation must be able to maintain its 
strength and true form, even while heated to Service 
temperatures. For such Services, the J-M line Offers 
insulating Materials with unusually high load-bearing 
Capacities. 
. 
Resistance to breaking is important in gvarding 
against damage during transportation 2nd instalig. 
\ tion. Certain Services also demand more than ordj- 
mary toughness jn insulations. Many Materials 
have unusually high resistance to breaking, os meas- 
ured by transverse strength. 
are = 
xe For Maximum insulating Protection, the insulation you 
Use must not 529 OF compress during @Pplication, or 
deteriorate in service. J-M Block ond Pipe Insula- 
tions are designed to such dangers. and 
they can be °Pplied without risk Of voids Or thin spots. 
This feature is Particularly 
service, since moisture infil most low. 
temperature insulation failures. j.4 Refrigeratic 
Insulations Offer unusua) 
If maximum fuel or refrigeration Savings are to con- 
zee duck tinue indefinitely, the insulation YOU use must not Only \ 
_ Possess the above characteristics of the stort, iz must 
| Me ee i retain them throughout the life of the equipment on 
Which it is used, The column ot the left gives some brief 
facts on g few of the many J-M Insulating Materials. 
‘ 
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1935 


CHICAGO, 1935—A new kind of furnace made 
headline news at the 1935 Metal Show. It was 
the Lindberg Cyclone Tempering Furnace—so 
genuinely a product of experience that heat 
treaters acclaimed it immediately with orders 
and installations in every part of the country. 

Pioneering an entirely new kind of heating— 
the Cyclone had been subjected to 12 months of 
probation in the Lindberg Steel Treating plant 
before announcement in February of 1935. Here, 
for the first time, was positive-pressure, two-mile- 
a-minute circulation, combined with armor plate 
construction, so that this Cyclone provided lab- 
oratory heating accuracy plus battleship rugged- 
ness to stand up on the production line day in 
and day out—24 hours a day—without the slight- 
est tendency toward faltering. 

The news of the Cyclone traveled fast, and by 
Metal Show time in 1936 the Cyclone had sky- 
rocketed to first place in the tempering furnace 
field. 1937, 1938, 1939 saw the Cyclone making 
bigger headlines, not only in this country, but in 
China, Japan, Australia, South Africa, Russia, 
England, France, and South America, as well. 


NASH KELVINATOR: 
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CYCLONE WAS THE BIG NEWS OF THE ‘35 SHOW... é; 
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CLEVELAND, 1940-—and today the Cyclone is 
bigger news than ever, because industry is in the 
midst of a vast Defense Program and Cyclones 
are in action in practically every major aircraft, 
automotive, farm implement, and ammunition 
plant in the nation. And every day more Cyclones 
go to work—in fact the demand for Cyclones is 
so great that the seventh plant expansion of the 
Lindberg Factory has just been completed—with 
floor space increased fifty per cent. 

So, if you're not using the Cyclone in your 
plant, visit the Lindberg Booth at the Metal 
Show and see why this furnace has so consist- 
ently been in the headlines. Look it over from 
stem to stern. Just a glance at the massive top 
casting will show you why this brute of a fur- 
nace will take all the abuse you can possibly 
give it. 

See how heat is generated in a separate cham- 
ber so that radiation from heating source to 
work is impossible—see the powerful Cyclone 
blower fan that delivers heat to the work at two 
miles a minute. See why Cyclone Tempering is 
still in the headlines after five years. 


LINDBERG ENGINEERING CO. « 221 N. LAFLIN ST. «© CHICAGO 
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Uniformity of Furnace Output 


(Continued from page 595) 
sive temperatures. This practice 
can only result in non-uniformly 
heated billets and excessive fur- 
nace maintenance. 

In accordance with the indus- 
try’s plan of cooperation with the 
Ordnance Department, the special 
committee which had been 


appointed to meet such contingen- 
cies reviewed the situation and 
suggested an amendment to the 
government's shell forging speci- 
fication, in the form of a recom- 
mended practice containing 
definite size and temperature lim- 
itations. These recommendations 
were referred to the arsenals and 


Quality 


IOLCROFT & 


eaders In Bullding and Designing Electric and Combustion Furnaces, Kiins 


E Ovens. Home Office: 6545 Epworth Bivd., Detrolt—Branches: Chi- OLEROFT | 7 
[ = Philadelphia. Canada: Walker Meta! Products, Ltd., Walkerville, Ont. 
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large suppliers of shell forgings, 
and upon their endorsement were 
adopted by the War Department 
as of July 2, 1940, and issued as 
Amendment No. 2 to Shell Forg- 
ing Specification No. 57-104-2B, 
reading as follows: 

H-3. For the information of 
the manufacturer, the following 
recommendations on temperature 
control and furnace loading are 
considered good practice in con- 
nection with the forging of artil- 
lery shells: 

H-3a. The operating tempera- 
ture of forging furnaces should be 
restricted to a maximum of 2300° 
F. to avoid overheating the sur- 
face of billets to the point where 
the steel drips or flows. 

H-3b. The loading of forging 
furnaces should be limited to not 
more than 60 Ib. of steel heated 
per hr. per sq.ft. of hearth area 
available for loading, to prevent 
slag formation in the furnace. 

H-3c. Each billet should be 
exposed in the furnace for 
individual heating, to avoid non- 
uniformity in the billet, such as 
hot surface with relatively cold 
centers, and to permit uniform 
and continuous press operation 
by providing uniformly heated 
billets. 

The industrial furnace busi- 
ness is of such an _ individual 
character that it is difficult, if not 
impossible, to standardize on 
most features in connection with 
the larger furnaces. However, 
the manufacturers felt that it was 
their duty in this emergency to 
reach an agreement on this 
important matter. Therefore, for 
the first time in its history, a 
standardized basis of rating —a 
loading yardstick — was adopted 
for shell forging furnaces. 

Most users of furnaces have 
one or more suppliers upon whom 
they depend for information and 
advice in connection with their 
furnace problems, but if there is 
anyone not so situated such infor- 
mation can nevertheless be 
obtained through the officers of 
the Industrial Furnace Manufac- 
turers Association. 


| 

‘ 
; 

| ¢ 

. 

J 

| 
of 

= 
12 
P 

| BUILT 
oy 
HC ROF OMPANY 
= 

- 
A 
DETROIT- MICH. | 
| 
| 
I. 
A 

1 

| 
| 

| 
ett: 

ie 

| 
ls 

4 


